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PREFACE 


A generous third of the compounds listed in Beilstein have hetero¬ 
cyclic nuclei; over half of the types of compounds produced by nature 
have heterocyclic systems; the greater share of the drugs and medicinals 
and nearly all the alkaloids contain such structures; the large majority 
of the colors produced by nature and by man have these nuclei as essential 
components. Yet this wealth of chemical interest, and much more, is 
scarcely touched in the average textbook. Such compounds as are 
mentioned are usually treated as individual substances, not as members 
of a great class of compounds. And if classes of compounds are men¬ 
tioned, the treatment is too sketchy to be worth while or to provide a 
working knowledge of the subject. Accordingly, the average student of 
organic chemistry comes to regard heterocyclic compounds as a very 
special field, to be entered if he desires to be a specialist of a kind, but 
certainly not to be eagerly studied as the fruition of his efforts to under¬ 
stand the principles of organic chemistry. 

The aims of this text are to instill an appreciation of the chemistry 
of heterocyclic compounds and to create a realization that they are, after 
all, the logical continuation of the instruction in aliphatic and aromatic 
chemistry. The natural division of organic chemistry into aliphatic, 
aromatic, and heterocyclic chemistry is emphasized in the opening 
chapter, and the connections and interrelationships between these 
divisions are stressed repeatedly throughout the text. Appropriate 
comparisons and generalizations keep alive the knowledge acquired in 
the two better known fields and provide a bridge to understanding the 
new one. 

The compilation of a text of this type presents several problems. 
For example, the representation of the various steps in the synthesis of 
many compounds might give the appearance of a book of formulas if 
one diagram were allotted to each step. Accordingly, the drawings have 
been limited, in general, to three or four key compounds, even though 
there may be as many as 10 or 20 steps from the simple known structures 
to the final product. With a little experience, the student will be able 
to recognize the sequence of reagents necessary to make the jump from 
one compound to the next. The details of the synthesis are, however, 
written in fine print. Large letters in place of formulas dso conserve 
space and focus attention on the heterocyclic chemistry of a synthesis. 

A second major problem is the reduction of an enormous field to 
textbook size. Generalizations have accordingly been employed extai** 
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PREFACE 


lively. A good example is in the discussion of the chemistry of the 
azoles. Chapter XU I is devoted entirely to the synthesis and properties 
of these compounds as a class. The author is well aware of the danger 
that such generalizations have. Every careful student of chemistry 
knows that organic compounds may have a highly specific action and 
that years of research may be required to confirm or deny the deductions 
from generalizations that appear obvious. Yet such generalizations 
provide the only method by whi(;h facts can be correlated and furnish 
suggestions for fruitful fields of research. 

Numerous problems are included. The purpose is only partly to 
furnish a review of the discussion in the text. The large majority of 
these problems are new material, not mentioned in the text. They can 
be solved, however, if the principles discussed are understood; and their 
solution can be checked by the references given to the literature. The 
problems are, therefore, both a review and an extension. Their solution 
will fix the principles of this field firmly in the mind of the student, as 
few other methods of instruction are capable of doing. 

The material is as comprehensive as the purpose of the book permits. 
No claim as a reference book is made, although the list of references is 
generous. But if the text is studied, a student will acquire a broad 
knowledge of the field, and if the problems are solved, he will gain a com¬ 
mand of the principles of heterocyclic chemistry, which will enable him to 
appreciate the current problems and methods of solution. 

The general viewpoint of the text is given in the opening paragraphs. 
In keeping with this view, the chemistry of monoheterocyclic rings is 
discussed first. The more complicated cases where more hetero atoms 
are present are then presented and the connection with the simpler type 
is discussed. 


The author greatly appreciates the encouragement given by numerous 
friends during the preparation of the text. He also acknowledges the 
great inspiration given by his classes, which, over a period of many years, 
have uniformly shown a great interest in the subject and its correlation 
with the simpler divisions. He has been thus led to the belief that 
organic chemistry, as a whole, would be well served by a text which 
emphasizes this great field in its true role as one of the three outstanding 
divisions of organic chemistry and which gives a detailed picture of a 
wide variety of interesting and valuable compounds that are usually 
overlooked. 

The author is especially indebted to Dr. Letsinger, to Miss Holden, 
and to Messrs, Ramsden, Redman, and Welcher, who have assisted in 


reading part of the proof. 

Cambridge, Mass., 

March , 1946. 


Avery A. Morton. 
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THE CHEMISTRY OF 
HETEROCYCLIC COMPOUNDS 


CHAPTER I 

THE FURAN COMPOUNDS 

Organic chemistry can be divided into three great parts. The first, 
or aliphatic, part is concerned primarily with the behavior of compara¬ 
tively simple systems such as the olefins, alcohols, aldehydes, acids, and 
amines. It might be called the chemistry of simple functional groups. 
The second, or aromatic, part covers the behavior of these functions 
when they are adjacent to an aromatic ring. The ring and the group 
have mutual effect upon each other, which makes aromatic compounds 
related to, but not identical with, the corresponding substances in the 
aliphatic class. The third, or heterocyclic, part comprises the behavior 
of these functions when they are part of the ring and when they are both 
part of and next to the ring. Heterocyclic chemistry is, therefore, 
a logical extension of aliphatic and aromatic chemistry; but the extra 
dimension makes the problem correspondingly complicated. It is not 
so complex, however, that the individual parts cannot usually be recog¬ 
nized and the chemistry appreciated in terms of the more familiar types. 
The study of the chemistry of this third great division provides, there¬ 
fore, a thorough review of the principles of organic chemistry as a whole 
as well as an advance into a new and attractive field. 

Heterocyclic chemistry can be regarded also as embracing a large 
percentage of bifunctional activity. When the two functions are pro¬ 
pitiously situated, a heterocyclic ring' results; when not so favorably 
placed, a polymer results. When one functional group is within a ring 
and the other is \vithout, the activity of the latter is modified accordingly. 
The study of heterocyclic compounds is not, therefore, a study in a limited 
field set apart from the remainder of organic chemistry. It is rather an 
observation of organic chemistry in its broadest aspects. 

In addition to the acquisition of a more thorough groundwork in 
organic chemistry, there is the added interest of acquiring an apprecia¬ 
tion of the rich storehouse of organic compounds provided by nature; 
for a high proportion of heterocyclic compounds that have ehgaged4he 
attention of chemists are the compounds that nature has provided. In 
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many cases, this interest has, over a period of years, led to eminently 
practical results. The history of furfural furnishes an excellent example 
of this development. The discovery^ of this compound in 1832 was 
merely the chance observation of an oily by-product in the preparation 
of formic acid from the action of sulfuric acid and manganese dioxide 
on sugar or starch. This oil was called kiinstliches Ameisenolj or artificial 
oil of ants, from the association with formic acid. Eleven years later, 
an ounce of this oil was isolated^ by treatment of 12 lb. of wheat flour or 
sawdust with sulfuric acid and water. Shortly after, the near-modern 



Furan or-Furyl- «-Furfuryl- 2-Furoyl- 


I-i 

C4H4O— 

Fig. 1.—Numbering, 


1 1 

I-^ 

1-i 

C4H,0— 

C4H,0CH2— 

C4H,0C(0) 


naming, and simplified formulas of furan and some furan radicals. 


name of furfurol, indicative of its source from Furfur Kleie and oleum^ 
was given.® By 1888,^ its chemical ancestry had been traced to pentoses, 
such as arabinose and xylose, as illustrated below: 


HOCHir—CH—CH—CH- CHO - 

in in (!)h 


-4HaO 


Uc 


CHO 


Preparation of furfural was for years only a laboratory experiment 
or a method for analysis of pentosans.^ In 1918, during experiments 
at the U.S. Bureau of Chemistry on the utilization of agricultural 
products, the customary analysis revealed as much as 26 per cent (dry 
basis) of furfural from an adhesive made from corncobs.® La Forge and 
coworkers’ then found that corncobs themselves yielded 10 per cent 
furfural, when treated with superheated steam at 180°. 

Simultaneously, a commercial laboratory perfected a process for its 
manufacture from oat hulls which has supplied the major demand since 
1921. Production has increased to carload quantities, an impressive 
change,® indeed, from the 1 oz. obtained over a hundred years ago, and a 
change that is responsible for considerable interest in furan compounds. 

^ DObeheinkr, Ann.j 3 , 141 (1832). 

* St^nhousb, iUd.f 35 , 301 (1840). 

. « Fownks, ibid., 54 , 66 (1845). 

* Stoot and Tollens, ibid., 249 , 227 (1888). 

* Brown, Handbook of Sugar Analysis,'^ p. 372, John Wiley & Sons, Inc., New 
Yoric, 1912. 

* Monroe, Ind. Eng. Chem., 13 , 133 (1921). 

7 La Forge, ibid., 13 , 1024 (1921) ; 15 , 499 (1923); La Forge and Mains, 

15,823, 1057 (1923); 15, 356 (1924). 

* Peters, Jr., ibid., 28, 755 (1936), 
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Synthesis of Furan Compounds. —The preparation of furfural from 
pentoses is paralleled by the formation of like products from othei' 
polyoses. The methyl pentoses, fucose and rhamnose, yield 5-methyh 
furfural. Hexoses yicfd 5-w-hydroxymethyl>2-furfuraP when heated 
with aqueous oxalic acid at 3 atm. pressure. Similarly, ordinary sugar, 
sucrose, treated with hydrochloric acid gives 5-co-chloromethyl-2-furfural, 
which is easily reduced to S-methylfurfuraP*^ by stannous chloride. The 
conversion of mucic to pyromucic acid by pyrolysis represents one more 
path from polyoses to furan compounds. 

H H 

HOC -COH AH.-~-|H 

HOscdlH' nicOjK 

OH HO ^ 

A second general source of furan compounds is by dehydration of 
appropriate 1,4-diketones or aldehydes according to the changes shown 
below. 

H H 

RC-OR a RC-OR h R.-jR 

iid^o 

OH HO 

R »» H or other group. 

« Enolizsltion. Dehydration with ZnCU, PsOj, or H2SO4. 

Since 1,4-diketones can be prepared from ethyl sodioacetoacetates and 
iodine as well as by other ways, the process is widely adaptable. 

In a third type of synthesis, ammonia, or better pyridine, causes 
a-chloroketones to condense with ethyl acetoacetate or similar compound. 
If ammonia is used, pyrroles are simultaneously formed although with 
the relative position of chloroacetone with respect to the keto ester 
molecule inverted (see Chap. IV). 

CHsGO fijCCHs^ CH.,|-jjCHB 

Haici^ oicoju”" hII^oJ^cOjR 

Alkylfurans. —Four methods for the preparation^^ ^-alkylfurans 
from furfural are shown in Fig. 2. The reactions are general and appli¬ 
cable to other systems besides furan. iS-Furan compounds can usually be 
prepared by first blocking the alpha positions with carbethoxy, bromine, 

• Mid 0 £N 1 >obp, Rec, trav, chim., 88 , 1(1919); Tettnisskn, ibid., 49 , 784 (1930). 

^“Rinkbs, Org, Synthe^ei, 14 , 62 (1934); Coll. Vol. II, 393. 

“Blomquist and Stevenson, J, Am, Chem, Soc., 86, 146 (1934); Sooll and 
Johnson, ibid., 64 , 2549 (1932). 

w Paul, BvlL soc. chim., [6] 8, 2220 (1935). 
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2-Furfural 


Furoic acid 


io !c 

Furan Methyl furcate Furfuryl 

1 1 alcohol 


Acetyl- Methyl Furfuryl 

furan 5-alkylfuroate })romi(io 

I 1 

I j 

-► Alkylfuran '- 


U 

Fury I alkyl 
carbiriol 

1 

! 

Furylalkanc 

and 

furylalkeno 


« Oxidation with KiCraOy. Loss of CO 2 by pyrolysis, CHaCOC'l + Air*!}, Wolff-Ki/diiier reduction 
with hydrazine and alkali. ^ Esterification, alkylation by Friedel-Craft reaction, hydrolysis of ester, 
decarboxylation. ^ Redaction by Hs over Ni, PBra, Mr, IIX. ^ RMgX, dehydration over AhOa 
at 450®, reduction by Pt and Ha. 


Fia. 2.— Methods for synthesis of 2-alkylfuraris from furfural. 


or other removable group, then introducing the beta substituent, and 
finally removing the alpha substituent, as showi> below. 



“ Bromination, esterificatiou, acylation. Reducti<>n of ketone with liydrazine ami sodium etlkoxidu, 
hydrolysis of ester, decarboxylation, cliinination of bromine by reduction. 


Orientation in the Furan Series. —Practically the only orientation^** 
rule is that all substituting groups enter the alpha position if one is 
unoccupied. A strongly meta-directing group, siu^h as nitro, carboxyl, 
or sulfonic acid, in one ortho position cannot prevent an entering group 
from taking the other alpha position. When both alpha positions aixi 
filled, the customary orienting influence is exerted at one of tlie two beta 
positions. Sulfonation of 5-bromo-2-furoic acid, for example, introduces 
the sulfonic acid group in the 4-, not the 3-, position. A group already 
in the beta position can also determine which of two open alpha positions 
will be substituted. 

So universal is this rule of alpha substitution that any exception 
deserves special mention. Furfural, isopropyl chloride, and aluminum 
chloride give 4-isopropyl-2-furfural.^^ The structure is proved by an 
oxidation and reduction sequence that gives 5-broiho-4-isopropyl-2-furoic 
acid, identical with the product from two independent syntheses (Fig. 3) 
that begin by treatment of either 5-bromofurfural or ethyl 5-bromo-2- 
furoate with isopropyl chloride in a Friedel-Crafts synthesis. This sub¬ 
stitution of the isopropyl group at C 4 is peculiar, for the several butyl 

GibMAN and Burtner, J, A m, Chern. Soc,y HI, 2903 (1933). 

Gil&un, Calloway, and Burtner, ibid.y 57, 906 (1935). 
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chlorides and n-amyl chloride enter the alpha position*® with simul¬ 
taneous rearrangement to a tertiary alkyl form. 



HO2O 

Br 



«Oxidation, esterification, bromination. ** (CUa) 2 CHCl -|- AlCU, hydrolysis. ' (CHi)sCHOi 
-}- AlCla. Oxidation, bromination. • Bromination. / (CHs) 2 niCl ^ AlClj, oxidation. 9 Careful 
oxidation of the i8oj)roi)yl group by bromination, hydrolysis of the polybronio compound, silver oxide 
oxidation, and potassium iiermanganate oxidation. The dicarboxylic acid is then treated with mercuric 
chloride. 

Fio. 3.—Proof of irregular orientation of the i.sopropyl group in a Friedel-Crafts reaction 

with furfural. 


Determination of Orientation of Furan Compounds.—Proofs® that 
furfural is an a-substituted furan compound rests on a sequence of reac¬ 
tions (Fig. 4) for conversion to pimelic acid of known constitution. 
Furfural then serves as a reference point for judging the structure of a 


F -F 

I CHO I (C 


H2)2C02H 


H 2 C—CH 2 

Hoi i(CH2)iC02H 

O O 


H02C(CHa)6C02H 


Large F represents the furyl radical. 

“ Perkin synthesis with acetic anhydride and sodium acetate followed by reduction with sodium 
amalgam. Ring opening and oxidation with bromine and silver oxide. Reduction by hydriodio 
acid and phosphorus at 200 to 206°. 

Fig. 4. —Conversion of furfural to an open chain compound. 


large number of mono-substituted furans. Oxidation, for example, 
must produce an a-substituted acid. Furan and mercuric chloride, in 
the presence of sodium acetate, form a chloromercurifuran which, with 
iodine, yields iodofuran. This last compound, made into a Grignard 
reagent and carbonated, yields «-furoic acid. All compounds in this 


Gilman and Burtnee, thid., 67/909 (1935). 
Baeyer, 10, 355, 695, 1358 (1877). 
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chain must, therefore, have been a-substituted. In like manner the 
position of other substituents in the furan nucleus (*an be established. 

In addition to such methods, the structure of a furan compound can 
be determined by synthesis from nonfuran compounds. 

Reactions of the Furan Nucleus. Substitution .—Furan compounds 
undergo characteristic reactions of substitution, addition, replacement 
of oxygen, and ring opening. Substitution occurs much more easily than 
in benzene. Mercuricj chloride, for example, attacks furan, forming 
monomercuric chloride derivatives which melt so sharply that they are 
valuable for identification (see Table 1). The reaction is usually accom- 

Table I.— Melting Points of Some Alkylfitrylmkrcukic Chlorides 


Alkyl Substituent 

Melting Point; 

2-Methyl-5- 

109 

2-EthyI-5- 

99, 100 

2-7i-Propyl-5- 

79-80, 81 

3-Methyl-2 

142 

2-Tsopropyl-5- 

117-118 

2-Isobutyl-5- 

95-96 

2-s(;c-Butyl-5 

88 

2-^ Butyl-5 

136-137 

2-Benzyl-5 

121 

3-Isopropyl-5- 

90" 


panied by some disubstitution. Sodium-potassium alloy or potassium 
metal forms a small amount of furylpotassium^^ by reaction with furan. 
Thienylsodium and triphenylmethylsodium, which do not lose their metal 
to benzene, readily convert furan to furylsodium. 

Acylations are often accomplished Avith the aid of aluminum chloride, 
as in the benzene series, but may also be carried out with the help of such 
mild agents as zinc, stannic, titanium, and mercuric chlorides.The 
furan nucleus is attacked so very easily that benzene can be used safely 
as a solvent in many Friedel-Crafts reactions. 

Such vigorous processes as halogenation, nitration, and sulfonation 
are usually performed on substituted furans in which the presence of a 
benzoyl, carboxyl, or carbethoxy group reduces the tendency to form 
tars. The carbethoxy group has the double advantage of stabilizing 
the furan nucleus and of being easily removable when the reaction is 
concluded. 

Substitution is not limited to replacement of the hydrogen atom, 
a-, but not /3-, sodium carboxyl groups^® give way to mercuric chloride 
under the influence of sodium acetate and mercuric chloride (if the free 
carboxyl group alone is present, the action is that of simple decarboxyla- 

Gilman and Breuer, /. Afn. Chem. Soc., 56, 1123 (1934). 

Gilman, Mallory, and Wright, ibid,, 64 , 733 (1932); Gilman and Wright, 
ibid., 66, 3302 (1933). 
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tion), and a carboxyl group can give way to an iodo (from iodine and 


X.C4H20.C02Na XC4H20HgCI + (X)2 -f Na(n 

X C4H2O CO2H 4 XC4H8O -f COi 
« HgCU 4 NttOAo, 


potassium iodide) or a nitro group. An iodine atom is, in turn, replace¬ 
able by a nitro group, as in the change of 2,5-diiodofiiran to 2-iodo-5- 
nitrofuran by treatment with nitric acid. 

Addition Reactions ,—Furan possesses a greater variety of addition 
reactions than does benzene. The butadiene character of the system is 
shown by addition of maleic anhydride^® or dimethyl acetylenedicar- 
boxylate. Halogens add-o to the furan nucleus at low temperatures. 


H 

H 



HG—C 


+ 


HC—Q 


,0 

o 


H „ „0 
H/G\ 



o 


H 




Ethyl furylacrylate, as an example, forms a dibromide at —15® which 
(a) decomposes spontaneously at a higher temperature to the cx-bromo- 
derivative or (b) loses hydrogen bromide under the influence of alcoholic 
potash. So also does nitric-acetic acid form an addition compound. 
Such reactions might be considered as circumstantial evidence of the 
general method of substitution by preliminary addition in compounds 
such as benzene as well as in furan. Furan, in fact, may represent a type 
intermediate between butadiene, to which halogens add, and benzene, 
in which they substitute. 

Hydrogen readily adds to furan. At 100 to 150® and 100 to 150 atm. 
in the presence of Raney nickel, the reaction is strongly exothermic. A 
similar reduction is effected easily below 50® at 7 atm. over palladous 
oxide. The tetrahydrofuran^^ thus formed can be converted to 4-chloro- 
butanol, sometimes called tetramethylenechlorohydrin, by hydrochloric 
acid. 

Ring Cleavage .—A mineral acid is the most common reagent for 
opening the ring. The reaction can be violent or moderate according 
to whether it is carried out with concentrated or dilute acid and whether 

Diels and Aldeb, Ber,f 62 , 664 (1929); Awn., 490 , 243 (1931). 

Moureu, DtjPBAissE, and Johnson, Ann, chim, IlOk 7 , 8 (1927); Gilman and 
Wbight, J, Am. Chem. Soc.^ 52 , 3349 (1933). 

Fbettbe and Johnson, ibid.y 58 , 1142 (1931). 

«Starb and Hixon, Org. SyntheseB, 16 , 17 (1936); 17 , 84 (1937); CoM Vol. 11, 
666, 671, 
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it is performed on furan or a furan that contains a carboxyl or other 
stabilizing group. Furan reacts with explosive violence with concen- 
trated hydrochloric acid but gives colors,^* similar to those obtained with 
pyrrole, and a brown precipitate with dilute hydrochloric acid. Furfuryl 
alcohol also polymerizes with explosive violence when treated with con¬ 
centrated acid but yields levulinic acid when suV)jected to the action of a 
0.1 per cent solution of hydrochloric acid in methyl alcohol. Dialde- 
hydes^^ or like compounds are probably the first hydrolysis products in 
all cases. 

The steps in the formation of levulinic acid from furfuryl alcohol are 
usually assumed to include a hypothetical six-atom ring compound that 


rHaC—CHa 

! I 

HC^ OCHoOH 
O O 

» AqueouK niinerul acid. 





CH. 


HO 

HO \ 



- CU, 

I i 

H02(^ OCOH3 


functions as the medium for an interchange of groups—an intramolecular 
oxidation and reduction.® For convenience, this reaction can be repre¬ 
sented as a simple position interchange of the H and OH groups on the 
opened ring as shown below. Similarly, furylacrylic acid, under the 


/ N 

• HaC-CHj ) (HuC-CHb ] 

,H;C C~CH 2 .H)C C-CHCH 2 COOH 

700 70 0 4---, 

. jOH: iOH 


influence of dilute alcoholic hydrochloric acid, first adds \vater to its 
double bond and then undergoes an interchange to the dimethyl ester 
of acetonediacetic acid.^® This method has been recommended also for 
the synthesis of y-ketonic acids, since the necessary secondary alcohol 
is prepared conveniently from furfural and a Grignard reagent.®® When 
the alpha position is occupied by an aldehyde group, as in 5-w-hydroxy- 
methyl-2-furfural, the same interchange occurs but the aldehyde is 
separated in a hydrolytic process as formic acid. The reaction provides 
a method of distinguishing between hexoses and pentoses by the difference 
in the acids which they form. Formic acid will be found only if hexoses 
had originally been present. 

9* Limpbicht, ilnn., 165, 283 (1873). 

Gilman and Weight, Chem. ijw., 11, 323 (1932). 

»» Mabkwald, Ber.j 20, 2811 (1887); Volhard, Ann,, 268, 206 (1889). 

ChichibaRin, Chimie <St industrie, Special No, 563, March, 1932; Pistkrs, Jr., 
and Fj.scheb, /. Am, Chem, Soc,, 62, 2079 (1930), 
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H 

OHC 



H 

CH 2 OH 


/ HOH 

IH 2 C—CHa; 

I I . 
:OHC!C CCHalOH! 

.CO O / 


HCO*H 

+ 

CH3C(0)CH2CHaC0aII 


So sensitive is furfuryl chloride to the least trace of acid that it 
decomposes when distilled in a flask that has been cleaned in an acid¬ 
cleaning bath and rinsed in the ordinary way.^^ Not until the flask has 
been washed repeatedly, stood overnight with distilled water, washed, 
and then steamed to remove every trace of acid can this compound be 
distilled. 

As carboxyl, nitro, sulfonic, aldehyde, and ketonic groups enter 
the molecule, the action of hydrochloric acid becomes less vigorous. 
2,4-P'urandicarboxylic acid and 5-nitro-2-furfuryl methyl ether, for 
example, are unaffected by this reagent; and furan compounds are 
actually formed from the action of fuming hydrochloric acid on phen- 
acylacetone, C6HfiC(C))CH2CH2C(0)CH3, and diphenacyV® CeHs- 
C(0)CH2CH2C(0)C6H5. 

Oxidation opens the ring sometimes.^ When furoic acid is treated 
with bromine water, carbon dioxide is evolved and mucobromic acid is 
formed. Chlorine similarly produces mucochloric (a,i0-dichloroaldehydo- 

LhCO OCCOitt 

“ Broniiiic water. 4Bra. 


HBrBr 

^ 0CC=CC02H 4- CO 2 4- 6HBr 


maleic acid). Furfural itself is hydrolyzed and ozidized by 10 bromine 
atoms to mucobromic acid and by monopersulfuric acid to succinic acid. 

Replacement of Nuclear Oxygen .—Substitution of sulfur or nitrogen 
for oxygen is a common phenomenon with ring compounds as witnessed 
by the easy formation of imides from anhydrides or of pyridinium from 
pyronium salts (see Chap. VII). The reaction is effected with some diffi¬ 
culty in the case of furan compounds. Nevertheless, passage of furan 
or a-methylfuran over aluminum oxide^® at 450® ^\'ith hydrogen sulfldo 
or ammonia forms the corresponding thiophene oi: pyrrole, Wi*^h 
aniline, under the same condition^ furan yields N-pho^ylpyr^^ote. 

Superaromatiq or Other Prop<^i^e%*~^St^j|aron?^ti(city9^^ ia, a wprdj 
used to emphasize the greater ease« with which substitution oceprs in 

^^Kirneb, J. Aifi. Chem. Soc,y 50, 1955 (1928). 

Gilman and Wright, Chem. Itev.^ 11, 346 (1932); Gilman and Burtner, Iowa 
state Coil. J. Set., 6, 3^0 (1932). 

« Paal, Ber., 17, 2769 (1884); Kapf and Paal, ibid., 21, 1490, 3057 (1888). 

JuRJEW, tbid.j 69, 1944 (1936); Jubjew and Rakitin, ibU.^ 69, 2492 (1936). 

Gilman and Townb, Rec. trav. chim.^ 61, 1054 (1932); Meyer, '‘Die Thiophen- 
gruppe,’^ p. 276, Brunswick, Friedrich Vieweg & Sohii, 1888, 
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furans and other classes of ring compounds as compared with that in the 
aromatic compound, benzene. Many examples, besides those mentioned 
under the substitution reactions, can be cited. Methyl benzoate cannot 
be alkylated or acylated easily, whereas methyl furoate is attacked by 
an alkyl halide and aluminum chloride or by acetic anhydride and ferric 
or stannic chloride.®'^ Furyl phenyl ketone is acylated or nitrated 
exclusively in the furyl nucleus, although the reagent has an equal 
chance at either part of the molecule. A furyl radical is eliminated more 
readily than a phenyl in the reaction of tetraaryl lead with hydrochloric 
acid. By similar tests, the thionyl nucleus is judged to be between furyl 

R 4 Pb 4- HCl RaPbCr-f RH 

and phenyl. 

If the properties peculiar to an aromatic system are defined in terms 
of the relative ease of replacement, then it may indeed be said that furan 
is superaromatic. This limitation, however, must always be remem¬ 
bered. Many other i)roperties characteristic of the aromatic types are 
absent in furan. Nothing resembling a phenol can be found in this 
heterocyclic system. a-Hydroxyfuran, if it occurs at all, immediately 
rearranges to a lactone. What might otherwise be looked on as a poten¬ 
tial di-a-hydroxyfuran shows properties characteristic of a cyclic aliphatic 
anhydride only. Conversion of this anhydride to 2,5-dichlorofuran by 
reaction with phosphorus pentachloride, a reaction found repeatedly in 
many heterocyclic and eiiolizing systems, has never been realized. In 
the beta position, where the behavior is often more characteristic of 
aromatic systems, an acetyl derivative of 3-hydroxy-2,4,5-triphenylfuran 
(Fig. 5) has been isolated, but the free hydroxyl derivatives"^ behaves as 

C«H5C=:=CH „ CeHr. r OAc CoHoI —■. OH 

C.H5io 0(X:«He (JeH.J* CsHj C.H, 1^0Jl CcHt 

« Acetic anhydride and sulfuric acid close the ling and introduce the acetyloxy group. ^ The ester 
is cleaved under anhydrous conditions by means of the Grignard reagent followed by dry hydrochloric 
acid. Note the method of “hydrolysis” without the use of water. 

Fig. 6.—Rji^ction sequence for the preparation of hydroxytriphenylfuran. 

an enol in the ordinary enol-keto tautomeric system. 

Neither are a-amino derivatives*® easily prepared, very stable, or 
successfully diazotized, so that the vast field of diazo compounds, so 
characteristic of the benzene system, is absent. True, it is possible to 
diazotize /3-amino compounds, viz., ethyl 4-amino-5-acetamino-2-furoate, 

3* Gilman and Calloway, J. Am. Chem. Soc., 55, 4197 (1933). 

Gilman and Young, ibid., 56, 464 (1934). 

Kohleb, Westheimer, and Tishleb, ibid., 58, 264 (1936). 

” Gilman and Wright, Rec. trav. chim., 53, 13 (1934); Rinkes,* ibid,, 51| 349 
(1932); Stevenson and Johnson, J. Am. Chem. Soc., 59, 2525 (1937), 
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3-amino-2-methylfuran, and 3-araino-2,5-dimethylfuran and couple the 
products with /3-naphthol to form a dye, but the Gattermann reaction 
with copper and hydrobroinic acid produces no brorno derivative. 
Copper and hydrocyanic acid cause substitution by a hydroxyl group 
that changes directly to the keto form. These amino groups are sensi¬ 
tive to the action of hot aqueous acids and alkalies. Hot dilute sulfuric 
acid separates the nitrogen quantitatively as ammonia. The behavior 
of the last two amines with methylmagnesium iodide points to the exist¬ 
ence of a ketimine-enamine system. 

NH NHa 

_ // / 

Hs H 

Another characteristic of aromatic systems, notably the directing 
influence of groups, is conspicuously ineffective when opposed by the 
tendency toward substitution in the alpha position. 

Far from Ixung fenced in by aromatic properties, furan can behave 
as if it were entirely devoid of them. Indeed, some workers prefer to 
consider the system as an internal ether of a diene, which exhibits sensi¬ 
tivity to acids and resistance to alkalies in common with all ethers and 
shows additive reactions and 1,4-addition peculiar to dienes. 

This viewpoint, particularly that of an ethereal oxygen atom, is, in 
general, of the type emphasized in this text. The oxygen atom is 
regarded as an ether system within the ring, modified somewhat by 
resonance. Its influence should therefore be related to that of an ether 
outside the ring, as in anisole or the dimethyl ether of resorcinol. Move¬ 
ment of the oxygen atom from a point without to one within the nucleus 
vshould intensify the usual activating influences^® that such a group has. 
To a high degree, this result is found. Anisole is substituted readily by 
all common reagents such as the halogens or mercuric acetate; furan is 
substituted even more readily. The preferred position in anisole is ortho 
and para to the inethoxy group; the preferred position in furan is ortho 
to the ethereal oxygen atom, i.e,, the alpha position. Anisole is readily 
attacked by an organoalkali reagent; furan is even more readily attacked 
and undergoes dimetalation. If a hydroxy group is somehow introduced 
by an indirect method in a furan system, tautomerism occurs and the 
product exists entirely in the keto form, a lactone if in the alpha position. 
If a hydroxyl group is similarly placed meta in anisole or the dimethyl 
ether of resorcinol, tautomerism occurs readily, and the product can act 
as a ketone >\ith an active methylene group that can form an oxime, 

Mobton and Pattebson, ibid ., 65, 1346 (1943). 
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undergo alkylation with methyl iodide and alkali, or show other typical 
reactions. The keto form of the hydroxy furan is, therefore, merely the 
extreme end of a trend already well marked. 

Presentation of furan as a superaromatic compound or as a cyclic 
butadiene ether serves a useful purpose, if such correlations suggest 
possibilities of new reactions. The more such comparisons, the more 
fruitful organic chemistry becomes. Failure of furan to be exclusively 
aromatic should not be permitted to interfere with useful predictions 
that can be made from such an approach. On the other hand, the 
limitations of any group with which furan is compared should not be 
allowed to circumscribe the unique possibilities of this heterocyclic 
compound. The fact is that furan does not have to be considered either 
as superaromatic or as an unsaturated cyclic ether. Furan occupies a 
niche of its own and, as will be emphasized below, has properties peculiar 
to furan. 

Rearrangements. —Rearrangement accompanied by ring opening has 
already been described in connection with the formation of ^-substituted 
levulinic acids from furfuryl alcohols. A similar change without ring 
opening occurs when f\irfuryl chloride is treated with sodium cyanide. 
The product is a cyanornethylfuran instead of the expected furfuryl 
nitrile. A corresponding effect is not known in the benzene series. 

NcLqJcHj 

Preparation of Nonfuran Products from Furan Compounds. —Hetero¬ 
cyclic compounds are frequently very useful as sources of nonheterocyclic 
materials. The preparation of levulinic acid and like compounds and 
the formation of mucobromic acid have already been cited. Tertiary 
carboxylic acids^®® can readily be obtained by the action of a tertiary 
alkyl halide on methyl furoate in the presence of aluminum chloride 
followed by a permanganate oxidation that destroys the furan ring. 

I y— -1 KMn04 

RaCCl 4 - C^YL^OCXhCB, -> RaOC^HaOCO.CHa-> IWCO^H. 

The method is preferable to the Grignard reaction which frequently 
gives low yields. Nitric-acetic acid oxidation of 2,5-diphenylfuran gives 
a cis unsaturated 1,4-diketone.®®* The method depends on oxidation 
before enolization when the ring is opened. Benzene, 2-furoic acid, and 

»’Runde, Scott, and Johnson, ibid., 62, 1284 (1930); Reichstein, Ber,, 63, 
749 (1930). 

(a) Rbiohstein, Rosenheko, and Eberhardt, Helv. Chim. Acta, 18, 721 (1938); 
(b) Lutz and Wilder, /. Am, Chem, Soc,, 66 , 978 (1934) ; (c) Price and coworkers, 
ibid,, 68 , 1867 (1941). 
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alumiaum chloride form a little a-naphthoic acid (10 per cent yield), 
considerable (GO per cent yield) 1,4-diphenyl-1,2,3,4-tetrahydro-l-naph- 

H||-II H HNO.m HC.=r:.CH 

HiCeCO OCC.H» 

thoic acid, and other product^.’*'' Chlorobenzene, toluene, and anisole 
form a 6-substituted-l-naphthoic acid. Dehydrogenation and decar¬ 
boxylation of the tetrahydro compound give 1,4-diphenylnaphthalene. 


COdI HOjCcau 



H CcHi 


Physiological Activity of the Furan Compounds. —Substitution of a 
furan for a benzene nucleus in (iompounds that usually are physiologically 
active decreases the activity. Diethylaminoethyl 2-furoate''* is the 

1,0(( '2H6)2 

furan analogue of novocaine (procaine), save for the p-amino group in 
the latter. An amino group is not necessary for anesthetic action and is, 
moreover, difficnilt to introduce in the furan nucleus. If novocaine is 
rated on a basis of 10, diethylaminoethyl benzoate is 4, and diethyl¬ 
aminoethyl furoate is less than 1. The furan nucleus is, in fact, the least 
active of any of the mono hetero five-atom systems since the correspond¬ 
ing thiophene and pyrrole compounds have ratings of 1 and 2, respectively. 

(Comparison of.the hypnotic action of methyl 2-furyl ketones and 
others^® with acetophenone shows that substitution of phenyl by pyrryl, 
thienyl, and furyl causes a progressively marked decrease in activity. 

Ethyl 2-furoate itself has a noticeable anesthetic action. Failure of 
the dimethylaminoethyl furoate is, therefore, impressive, since the corre¬ 
sponding compounds in the benzoate series show increased activity when 
the dimethylamino group is inserted in the molecule. 

Compounds in the Furan Series. —The history of the discovery <jf 
furfural was given at the beginning of this chapter. Its formation is 
quantitative when pentosans are distilled rapidly with 12 per cent hydro¬ 
chloric acid saturated with salt.**® It is found also among the products 

Gilman and Pickens, J. Am. Chem. Soc.j 47, 245 (1925); Gilman, Rowe, and 
Dickey, Rec. trav. chim,^ 62, 395 (1933). 

Hughes and Acreb, Bur. Standards J. Research^ 21, 327 (1938). 
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from the dry distillation of wood'*^ and has been detected even in the 
glacial acetic acid^^ from that source. 

Furfural shows all the typical reactions of the aldehyde group. It 
adds bisulfite, oxidizes (potassium dichromate) to furoic acid, reduces 
readily to furfuryl alcohol, undergoes the Cannizzaro reaction with 33 
per cent sodium hydroxide, forms furoin analogous to benzoin with 
potassium cyanide, reacts with ammonia to form furfuramide, 

and forms a Schiff’s base with aniline. Direct removal of the aldehyde 
group with formation of furan occurs over soda lime^® at 350 to 300° or 
over finely divided nickel^^ at 200°. 

The chief uses* of furfural are for the preparation of resins by combi¬ 
nation with phenol, for the purification of wood rosin by extraction of 
colored substances from a petroleum solution, and for the removal of 
undesirable components from petroleum oils. The comparative insolu¬ 
bility of furfural and petroleum in each other at low temperatures is the 
basis for the last two uses. 

Furfural is determined quantitatively by precipitation of a condensa¬ 
tion product with phloroglucinol, thiobarbitiiric acid, or 2,4-dinitro- 
phenylhydrazine. It can also be measured by addition of bromine 
(bromide-bromate) to the double bond. The same methods are applica¬ 
ble to 5-methylfurfural.^* A qualitative test,^® applicable to all a-fural- 
dehydes, is made with aniline. The red color produced is caused by ring 
opening with the ultimate formation of N-phenyl-jS-hydroxypyridinium 
chloride according to the following sequence: 


Cl- 

• 2CiHkNH2 + HX. 

About 60 grams of 5-Q)-hydroxymethylfurfural can be obtained from 
a kilogram of sugar as a result of the action of oxalic acid at 134°. Its 
formation was missed for a long time until the product was subjected to 
distillation (b.p. 114 to 117°/1 mm.) in a good vacuum. Hydrolysis 

Meyer, Ber., 11, 1870 (1878). 

« Hill, Ajh. Chem, 8, 33 (1881). 

Hurd, Goli>sby, and Osborne, /. Am. Chem. Soc.^ 64, 2532 (1932). 

Pringbheim and Noth, Ber.j 63, 114 (1920). 

Iddles and French, Ind. Eng. Chem,, Anal. Ed,, 8, 283 (1936). 

Stenhottse, Ann., 166, 197 (1870); Youngburg and Pucher, J. Biol. Chem., 
61, 741 (1924). 
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CHO 


HO- 
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-OH 

icH. 


LCijHfiNH HO 


=NC6H6 



CeHft 
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leads to levulinic and formic acids. Since these acids, along with humus, 
are the final products of the action of warm mineral acids on mono^ and 
di-saccharides, this aldehyde may represent an intermediate step. The 
red color test given by hexoses in the presence of resorcinol and concen¬ 
trated hydrochloric acid can be attributed to the same intermediate. 

Furfuryl alcohol is obtained by reduction of the aldehyde. In contact 
with strong mineral acids and even with formic acid, it polymerizes with 
explosive violence. The resin can be developed* on the wood by first 
painting the surface with the alcohol and then applying 15 per cent 
sulfuric acid. 


Table II.— Physical Properties op Some Furan Compounds 



o 

p 

B.P. ^C. 

Mm. 

Furan. 


31.4 

756 

2-Methvlfuran.i 


62.5 

737 

S-Methylfuran. 


65.5 


Furfural. 

-36.5 

161.7 


^5-Methyl-2“furfural. 


187 


5-Hy droxyin cth yl-2-f iirf u ral. 

31.5 

114 

1 

Furfuryl ah^ohol. 


171 

750 

2-Furoic acid. 

133 

130 

50 

3-Furoic acid. 

120.5 

105 

12 

5-Broino-2-furoic acid. 

186 



Nitrofuran. 

28.8 




Furoic acidy known also as pyromucic acid, was prepared as early as 
1818. Houtou-Iiabillardidre,^^ following the then prevailing custom of 
py roly zing solid compounds, distilled mucic acid and obtained consider¬ 
able liquid and a solid crystalline compound (m..p. 130°), which he called 
pyromucic acid.” The presence of a carboxyl group causes furoic 
acid to exhibit^* properties akin to those of aromatic compounds. It is 
brominated at 100°, nitrated by fuming nitric acid, and sulfonated by 
fuming sulfuric acid. The further action of nitric acid on the last two 
compounds yields dinitrofuran and nitrofuran sulfonic acid, respectively, 
by elimination of the carboxyl group. 

Had the liqjuid, which accompanied the isolation of pyromucic acid, 
been examined carefully, it is possible that the discovery of furan would 
have antedated Faraday^s preparation of benzene by 7 years. It was 
not until 1870, however, that this acid was decarboxylated^® by pyrolysis 

HouTOU-LABiLLARDifeRE, Ann, chim, phys, [2], 9 , 365 (1818). 

and Palmer, Am, Chem, 10, 373 (1888); Hill and Sylvester, 

32 , 185 (1904); Hill and Write, tbid.f 27 , 193 (1^2); Klinehardt, J, prakt, Chem.^ 
[2] 26 , 41 (1882); Priebs, B&r., 18 , 1362 (1885). 

**Limpricht, tbid,y 8, 90 (1870). 
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of the barium salt with lime (nowadays we use quinoline and copper)* 
At that time, pyromucic acid was suspected of belonging to the same 
series as salicylic acid. Although the new compound, which boiled at 
32®, gave no color with ferric chloride, did not react with sodium, formed 
no acid with potassium and carbon dioxide, and gave a brownish-black 
amorphous mass with acids, the persistence of the original idea prompted 
the name “tetraphenol.’^ A little later, Baeyer®® recognized its tme 
position and gave it the name furfura>n, since shortened to furan, after 
the better known furfural. 

5-Brom(i^uroic acid in the form of the ethyl ester participates in a 
most unusual reaction.^® When treated with aluminum chloride and 
n-amyl chloride, n-hexyl bromide, or n-octadecyl bromide, the product 
is in each instance ethyl 5-bromo-4-<-butyl-2-furoate. In spite of the 
vigorous action needed for breaking a carbon-carbon bond, a yield as 
high as 46 per cent is obtained from octadecyl bromide. 

Furan-fi-^carhoxylic acid has been isolated from natural products 
such as Euonymus airopurpureus Jac^uirif a shrub known in Northern 
and Western United States as ^Svahoo^' or ^'burning bush'' from the 
copious crimson-colored fruit. The powdered root bark or its alcoholic 
extract has some medicinal use similar to digitalis. The acid^^ is sepa¬ 
rated from the many other products as crystals in the residue left by 
steam distillation of the extract. The same compound has also been 
found*® among the products from the roots of Phaseolus multijlorus 
Lamarckj commonly called the scarlet runner^ bean. 

EUhoUzione is a ketone*® obtained from the essential oils, recovered 
by steam distillation, of Elshotzia cristata Willdenow. Sodium and amyl 
nitrite convert it to isobutyraldoxime and ethyl elsholtzate (3-methyl- 
furoic ester). Pyrolysis of the acid at 210 to 230® yields 3-methylfuran. 
The ketone is synthesized*^ by the sequence of steps pictured below. 
The acid can be made from the aldehyde by oxidation with silver oxide. 



o 


CHs 

C(0)CH2CH(CH3)2 


• A aequenoe of steps for introducing a nitrile group is (1) formation of an inline with HCN'HCl; 
(2) hydrolysis to aldehyde; (3) formation of an oxime with hydroxyl amine; (4) formation of a nitrile 
with aoetic anhydride. * BrMgCH 2 CH(CH »)2 followed by hydrolysis. 


Because halogens give a variety of products with furan, the prepara¬ 
tion of many halogenated compounds must be accomplished by bromination 


®®Babybb, iWd., 18, 879 (1880). 

Rogbbson, /. Chem, Soc., 101, 1040 (1912); see also Ref. 13. 

"Power and Salway, Pharm, 90, 550 (1913); C.A., 7, 2659 (1913). 

" Asakina and coworkers, Acta Phyiochim. {Japan), 8, 1 (1924); C.A., 19, 1139 
(1926). 

Rbichstbin, Zschokkb, and Qobrg, Helv, Chim. Acta, 14, 1277 (1931), 




THE FURAN COMPOUNDS 


17 


or chlorination of furoic acid followed by decarboxylation. Mono- 
halogen compounds have a pleasant sweet odor somewhat resembling 
chloroform or bromoform. In general, the halogen is unreactive®* to 
aqueous sodium hydroxide, sodium cyanide, dimethyl mercury, dimethyl- 
zinc, and sodium. a-Bromo- and a-iodo-furan form Grignard reagents 
with magnesium copper alloy; 2,5-diiodofuran yields 5-iodofurylmag- 
nesium iodide; and /8-iodofuran gives less than 1 per cent of furylpotas- 
slum with sodium-potassium alloy*®; but the great majority of halogen 
compounds are not convertible to organoraetallic compounds. Halogen 
can be removed, however, by means of zinc dust and ammonia solution.*® 

The influence of the furyl radical on halogen reactivity may extend 
beyond the nucleus. a-Furfuryl chloride with magnesium yields some 
52/m-difurylethane, probably through the intermediate Grignard reagent. 
2 -a-Furylethyl chloride®^ forms the reagent smoothly. 7 -Furylpropyl 
chloride, on the other hand, gives negative results. The tetrahydro- 
derivative of the last®*^ compound, however, gives the reagent in 92 per 
cent yield. 

Sugars that have a furan system are called furanosides. Vitamin C 
is an at-ketofuranoside. The chemistry of these compounds, however, is 
largely concerned with the hydroxyl or aldehyde groups present. 

Problems 

1. If furan is so sensitive to the action of hydrochloric acid, how do you account 
for the formation of furfural by this reagent? 

2. Give the products formed in the following reactions: (a) Acetonylacetone*® 
distilled with anhydrous zinc chloride. (6) Methyl a,|9-diacetylsuccinate®® treated 
with mineral acid. 

3 . Suggest a method, (start with chloroacetone and acetoncdicarboxylic ester) 
for the preparation of 2-cyano-4-methyl-3-furoic acid and from thence jS-methylfuran.®^ 

4. Outline steps that would lead from furoic acid to ethyl 5-acetamino-2-furoate 
and subsequently to ethyl 4-amino-5-acetaminO“2-furoate,®® and thence to 4-hydroxy- 
t5-acetamino-2-furoate. 

5. Furan and acetyl chloride, in the presence of tin tetrachloride, yield furyl 
methyl ketone. What is the shortest method of proving beyond doubt that substitu¬ 
tion has occurred in the alpha position®^*®®? 

6. Suggest a method for preparing furan-2,5-dicarboxylic acid.®^ 

Shepabd, Winslow, and Johnson, /. Am. Chem. Soc., 62, 2083 (1930). 
also Ref. 24. 

Gilman and Wright, Iowa Stole Coll. J. Sci., 6, 85 (1931); /. Am. Chem. Soc.^ 
66^2893 (1933). 

Amstutz and Plucker, ibid.^ 68, 206 (1941). 

** Gilman and Hewlett, Rec. trav. chim.y 61, 93 (1932). 

Dietrich and Paal, Her., 20, 1085 (1887). 

•® Knorr and Cavallo, ihid.^ 22, 155 (1889). 

•* Rinkes, Rec. trav. chim. 60, 1127 (1931); Reichstein and Zschokke, Helv. 
Chim. Ada, 14, 1270 (1931). 
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7 . How would you show that the two carboxyl groups of furan dicarboxylic acid 
arc in the alpha positions?** 

8 . Since furfuryl chloride and sodium cyanide fail to form furfuryl nitrile, how 
would you proceed to synthesize furyl-acetic acid in order to prove its nonidentity 
with the hydrolysis product of cyanomethylfuran?*^ 

9. Since n-, iso-, sec-, or ieriAmtyl chloride react with ethyl furoatc and giv<’ a 
/cr^butyl derivative,^* how can the w-, iso-, or sec-butyl derivative be prepared? 

10. What is the product of reaction of ierUhwiyX chloride with furyl phenyl ketone 
in the presence of aluminum chloride? Give a method for showing which ring has 
been substituted.** 

11. Write reactions for the synthesis of 5-phonyllevulinic acid*« from a furan 
compound. 

12. Mercuric chloride, in the presence of sodium acetate, forms a mono- and a 
di-chloromercurifuran^* from furan. How can you prove that the s(;cond radical is 
in an alpha position? 

18. What are the probable compounds formed by the a(ition of 2-c]iloromer(niri- 
furan with arsenic trichloride?** 

14. Give the product formed from each of the following reactions: (a) 5-Methyl- 
furfural refluxed with hydrazine hydrate in methyl alcoholic; potassium hydroxide.** 
(6) p-Toluidine passed over aluminum oxide with furan at 450'".** (c) Ethyl furoab; 

with hydrogen and Kan(‘y nickel catalyst at 150'^ and 100 to 135° atm, (d) Uncon¬ 
trolled nitration of furoic acid or furoyl chloride.®* 

16. When dry bromine is allowed to stand at ordinary temperatures with furoic, 
acid, a tetrabromo derivative is obtained. What product might be suspected? 
What would be the product of oxidation by dilute (dirornic acid?®* 

16. When bromine is passc^d over furoic acid at 100°, a monobromofuroi<; acid is 

obtaiiKid. The position of the bromine atom was originally shown by use of hf>l 
dilute nitric aedd. What reaction occurred?®® * 

17. How would you prepare 4-chloro-2,3,5-triphenylfuran and 2,3,5-triphenyl- 
furan from benzil and acedophenone as starting materials?®^ 

18. Fuming nitric acid is added dropwise to a solution of 2-furyl phenyl ketone in 
acetic anhydride at 0°. How would you show in what ring nitration has occurred?** 

19. What is the product obtained by heating (dhyl acetoacetate with potassium 
succinate in the presence of acetic anhydride? How would you convert the 4-car- 
bethoxy group, formed in this reaction, to an amino gro\ip?^’ 

20. Give the products formed from the action of «,j8-dichlorocthyl ether wdth 
ethyl acetoacetate under the influence of animonia.®* 

21. In tests of the reaction with bromine, it has been found that furylacrylic 
acid,*® furylethylene,*® and furylmethyl ketone** give, respectively, substitution in 
the heterocyclic ring, addition to the ethylene linkage, and substitution in the methyl 
group. How would you prove the positions of the various bromine atoms? 

22. How' would you prepare furylacetylene from furylacrylic acid?*® 

®*Lowe and Hamilton, /. Am. Chem. Soc.j 67 , 1081 (1935). 

®* Reichstbin, Helv. Chim. Acta^ 13, 345 (1930). 

«* Gilman and Young, Rec. trav. chim., 61, 764 (1932). 

TOnnies, Ber., 11, 1085 (1888). 

®«Hill, ibid., 16, 1130 (1883); Hill and Sanger, Ann., 232, 46 (1886); see also 
Ref. 24. 

Japp and Kiungemann, J. Chem. Soc., fYt, 662, 674 (1890), 

•8 Penary, Her., 44^ 493 (1911); see also Ref. 11. 
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23 . What compounds would be expected when ethyl acetoacctatc reacts with 
chloroacetone under the influence of ammonia?®® How would you proceed in suc¬ 
cessive steps®^ to obtain, from the primary furan product a 3-carboxy-2,4-dimethyl- 
furan, a 2,4-dimethylfuran, and 3,5-dimethyl-2-furoic acid?®® 

24 . What is the product of addition of mahiic anhydride to 3-bromofuran? How 
would you convert the product to a phthalic acid or anhydride so that the position 
of the bromine atom in the original furan can be determined by r(?fcrence to a known 
phthalic acid derivative?^® 

26 . P'urfural is condensed with nitromethane and the product CjHsNOs is treated 
with fuming hydrochloric acid for 10 min. The final product has the composition 
C' 6 H 9 NOb. Write equations for the reactions.^^ 

6® Feist, ibid., 36 , 1545 (1902). 

7® Van CUmpen, Jr., and Johnson, /. Am. Chem. Soc.^ 66, 430 (1933). 

Thiele and Landers, Anri.^ 369 , 300 (1909). 



CHAPTER II 

CONDENSED FURAN SYSTEMS 


BENZOFURAN 

Discovery and Naming. —While endeavoring to unravel the constitu¬ 
tion of coumarin, Perkin^ added bromine, treated the dibromide with 
alcoholic and then with aqueous alkali, and finally decarboxylated the 
product. Since all compounds in this sequence were derived from 
coumarin, they were named as derivatives of coumarin. The common 
name, coumarone, for the final product persists today, although partly 
supplanted by the term benzofuran, which is technically preferable 
because it is more descriptive of the series to which it belongs. 



® (1) Addition of Bra; (2) elimination of HBr by ale. KOH. (1) Aqueous KOH opens ring and 
then forma a five~membered ring by elimination of HBr; (2) HX. *• Pyroljmis of coumarilic acid. 
Large R signifies the bena system. This simplification will be used often in this text. 



Benxofuran Dihydrobenaofuran C'oumaran-3-one 

Coumarone Coumaran 


H 



Isobenzofuran Diphenylene oxide 

IsoGoumarone Dibenzofuran 


Fig. 1.—Naming and numbering of condensed furan systems. 

Methods of Ring Closure. —The various syntheses are classified 
accordiixg to which of three bonds, the 1,3-, the 2,3-, or the 3-to ring, is 
formed. Union of the first type is frequently accomplished by elimination 
of hydrt^en halide. A typical example is the formation of coumarilic 
aoid^ from a-bromo-2-hydroxycinnamic acid, one of the steps described 
above, ^milarly, o-hydroxystyryl chloride* yields coumarone. 

H0C,H4CH=CHa i)—C.H4CH=iH 

» Pbwdw, /. Chem. Soe., 8 , 868 (1870);», 37 (1871). 

.* KatUfTA, 2968 ( 1893 ). 
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The method is widely applicable. Coumaranones* are made by elimina¬ 
tion of hydrogen bromide from a brominated acetophenone; coumarans 
are made from o-allylphenols, presumably by addition and elimination 
of hydrogen bromide. This last synthesis, originally discovered by 



“ Bra in OS*. ^ Excess CaCOa. 



« Allyl phenyl ether (prepared from sodium phenoxido and allyl bromide in boiling acetone with 
potassium carbonate) heated in an atmosphere of carbon dioxide. ^ HBr or pyridine hydrochloride. 


Claisen/ is important for the preparation of compounds somewhat similar 
to vitamin E, a chroman compound. If the influence of the phenolic 
group is blocked by acylation, the addition of hydrogen bromide to the 
allyl system can be regulated so that with peroxide-free reagents a 
coumaran results, but Avith peroxide-containing mixtures a chroman, 
or six-membered ring, forms.® So readily do coumarans form that the 
heat necessary to effect rearrangement to the o-allylphenol in the above 
illustration will cause the formation also of some coumaran.® 

The reaction sometimes appears complex. For example, p-cresol, 
refluxed with allyl alcohol in sulfuric-glacial acetic acid solution, yields 
first a polymer, which then is pyrolyzed to the dihydrobenzofuran.^ 


CH,C 6 H 40 CH(CH 3 )CH 20 H CHb 
HOCHj(CH,)CHOSOjOH (C,oH,„0), - 


CH,=CH(5H,0H 

Si 

>]>.CHiC.H<OK. 



H 


KD 


CH. 

Ha 


«Lob 8 of water. «*Pyrolysb of the polymer. 


The second method of preparation, by formation of the 2,3-bond, begins 
with an aldehydo or keto phenol and progresses by way of a phenoxy 
derivative to the benzofuran. The necessary aldehyde is supplied by a 



R 


+ 


KjCOs in boiling 
acetone with 
XCHaCOOCaH, or 
XCH 2 COCH, or 
XCHaCOCeHs 



—C=0 

CHaR' 

\o/ 


~H*0 



R - H, alkyl or aryl. R' « COOC*H», COCH*, COC^H*. 


* FriedlXnoeb and NeudOrfeb, ibid.y 80, 1077 (1897). 

* Claisen and Tietze, Ann., 449, 81 (1926). 

* Hubd and Hoffman, J. Org. 6, 212 (1940), 

® Babtz, Miller, and Adams, /. Am. Chem. Soc., 67, 371 (1935). 
^ Nibdebl and S^x>BCH, ibid,, 56, 4549 (1933). 



22 


THE CHEMWTRY OF HETEROCYCLIC COMPOUNDS 


Gattermann synthesis (HCN + HCI); the ketone is made by a similar 
reaction known as Hoesch's method (CHsCN + HCI), or by a conven¬ 
tional Friedel-Craft S 3 aithesis (RCOCl + AICI 3 ). Introduction of these 
substituents occurs readily in phenols and more easily in resorcinol and 
phloroglucinol. King closure is then accomplished by (a) the familiar 
Perkin reaction, which yields a nonacidic coumarone because the carboxyl 
group is unstable, or (b) the familiar condensation of aldehydes with 
esters under the influence of alkali, which effects cyclization with reten¬ 
tion of the carboxyl group. A typical example® of this synthesis is shown 
below. 

OCHa 

CHO 
OCH2O 

® HCN -f- HCI, BrCHaCOjKt -f KtCOa in boiling acetone. ^ Hydrolysis, (CHaC0)20 -f* NaOAc 
or NaOBt in boiling alcohol. Large R » (GH80)iC«H2. 

The third general method depends on the formation of the bond 
between the aromatic ring and the S-position as the final step. Reagents 
that can thus be used are shown in Fig. 2. The necessary phenoxy inter- 





CO 2 H 


O H HOCH 2 

OH xin. 


O Br BrCH, 
ONa X^H, 


By zinc chloride^®^ By sodium^®) 



0 =CR 

CliHa 



H 

ONa 


R'-~C ==0 

xIhj 


R==H, alkyl, or aryl, By Aids when 
By zinc chloride in By PjOj when R'==OH^**^ 
acetic acid oc 


Fig. 2. —Units for synthesis of compounds in the benzofuran series by formation of the 
3- to ring link hom a phenoxy intermediate. The agent for the ring closure is shown below 
each group. 


mediate is prepared by refluxing an acetone solution of the phenol and 
halogen compound with potassium carbonate or by heating the two 
together in the presence of sodium ethoxide at 180-200®. Ring formation 
is then effected by the reagent indicated. 

* Fobteb and Robebtson, J. Chem. 80 c., 921 (1930). 

•RlNDFiraz, J, Am. Chem. 80 c., 41, 665 (1919); Rinwcsz, Gini«no», and Hab- 
NACK, ibid.t ta, 157 (1920). 

1 ® SroEBMBa a^d Ber., 36, 2873 (1903). 

Stoebmeb, 4n^., 612 , 237 (1900). 

Btobbmeb and AT«NBTi!U)T, Ber., 86 , 3560 (1902). 

SroEEMEB and Bablach, 83 , 3175 (1900). 
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In addition to these general methods, any appropriate lactone can 
be converted to an a-chlorocoumarone“ by phosphorus pentaohloride. 




Cl 


Reaction of Benzofuran Compounds.—The chemical behavior of 
coumarones is, in general, that predicted for a furan system whose reac¬ 
tivity has been dampened by union with an aromatic nucleus. Acetic 
anhydride in the presence of tin tetrachloride, n-butyllithium,^® or 
nitric acid introduces an acetyl, lithium, or nitro substituent, respectively, 
in the 2-position. Reduction^® of the 2-nitro compound gives the lactone 
of o-hydroxyphenylacetic acid, a behavior reminiscent of some of the 
difficulties in the preparation of furyl amines. When the nitro compound 

» Sn -f HCl. HiO. 

is treated with sodium ethoxide, an intramolecular rearrangement pro¬ 
duces isonitrosocoumaranon, the a-monoxime^^ of coumarandion. 




Similar changes are noted among aromatic compoupds,^® e,g., with 
a- and jS-nitronaphthalene, 9-nitrophenanthrene, 9-nitroanthracene, 
and nitrostilbene. 

Substitution takes place in either the benzene or the furan nucleus, 
depending on the substituents already present in the ring. A negative 
group in a furan ring favors substitution in the aromatic portion. Bromi- 
nation or acylation of ethyl benzofuran-2-carboxylate, for example, 
yields a 5-bromo or 5-acetyl derivative, respectively. The methyl group 
in the jS-position of 4,6-dimethoxy-3-methylbenzofuran facilitates the 
formation of an a-formyl product from the Gattermann synthesis (HCN 
and HCl). The methyl-free compound, on the other hand, produces the 
7-formyl product in poor yield; the same compound with a carbethoxy 

Stobrmbb, Ann ., 818, 85 (1900). 

“ Smith, Ima State Coll J. Sci., 18, 155 (1937); C.A., 88, 2938 (193$). 

^•Stoebmkb and Kahlbbt, J3«r., 85, 1640 (1902); Stobbmbb and Eichtbb, Ber,, 
80, 2094 (1897). 

^’^Stoebmkk, tWd., 46, 163 (1912). 

SroBBMBB and Kahlbbt, ibid,, 86,1640 (1902). 
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group in the 2-position gives the 7-formyl compound^ in good yield. The 
carboxyl or carbethoxy group is frequently used also to protect a position 
during a reaction and subsequently is eliminated. 

Bromine or chlorine^® add readily to benzofuran at the 2,3-positions. 
Alcoholic potash converts the dibromide to 3-bromocoumarone, but 
heat*® produces the 2-bromo isomer. 

Reduction by sodium and alcohol*^ or by catalytic hydrogen gives 
dihydrobenzofuran. Oxidation of the dihydro compound by chromic 
acid in acetic acid solution or less satisfactorily by lead tetraacetate'® 
reforms the benzofuran. The furan system is reduced less readily than 
a carbonyl group because reduction (H2 + Pt) of 2-acetobenzofuran 
affects the carbonyl and gives 2-(l-hydroxyethyl)-benzofuran.** By 
contrast, catalytic reduction of benzalacetone, which similarly has an a, 
j8-unsaturated ketone structure, gives benzylacetone as the first step.*® 
Reduction of the acetobenzofuran over Raney nickel is complete and 
gives 2-(l-hydroxyethyl) dihydrobenzofuran. 

Other reductions, in which the oxygen atom participates, can occur. 
Tubaic acid (Fig. 3) is a dihydrobenzofuran compound with an unsat¬ 
urated side chain in the alpha position. It undergoes a novel reduc¬ 
tion with simultaneous ring opening, caused by the presence of an 

Q,/S-unsaturated ether, —0—CH—C~CH2, which, according to Schopf,*^ 
is comparable to a conjugated diolefin system. In other words, the 
ethereal oxygen acts as a double bond and absorbs hydrogen. Hence, 
partial reduction gives a 1,2-addition compound, dihydrotubaic acid, 
and complete reduction gives tetrahydrotubaic acid as shown by partial 
formulas below. Certain codein derivatives also show a similar com¬ 
plete reduction with ring opening for the same reason. 



« Ha + PtOa at 48 lb. 


Ozonization opens the ring.*® Benzofuran, for example, yields about 
26 per cent of o-hydroxybenzoic acid and 40 per cent of o-hydroxy- 
benzaldehyde when thus treated. Alcoholic potassium hydroxide*® at 


Fittig and Ebebt, Ann ,, 216, 168 (1883). 

>0 Stoebmbr and Kahlert, Ber., 86, 1633 (1902). 

Alexander, ibid ., 26, 2409 (1902). 

** Shrinbr and Anderson, /. Am. Chem. Soc., 61, 2705 (1939); 6(^ 1416 (1938). 

Kern, Shrinbr, and Adams, ibid ., 47, 1147 (1925). 

** ScttdPF, Awn., 462, 237 (1927); SchOpf and Pfeifer, ibid., 488, 157 (1930). 

V. Wacek, Eppznger, and v. QI&zard, Ber., 78, 521 (1940). 

Si^BBMBR and KahXiERT, ibid ., 34, 1806 (1901); 86, 1630 (1902). 
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200® also opens the ring, but concentrated ammonia^^ at 280® fails to 
do so. 

Substituents can facilitate ring opening and increase the variety of 
reagents employed. Warm aqueous alkali is sufficient to convert the 
oxygen-containing 3-coumaranone to o-hydroxyphenacyl alcohol. ^ Mag¬ 
nesium-copper alloy cleaves S-bromobenzofuran^* to o-ethinylphenol 
(17 per cent) in addition to forming the expected Grignard product. 
The reaction is somewhat analogous to that of the same reagent on 
tetrahydrofurfuryl bromide and is related to the general phenomenon 
of ether cleavage when metals react with jS-halogen ethers. Mild oxidiz¬ 
ing agents convert S-hydroxycoumarans^® to quinones. Hydriodic acid, 


1 n Mgcu 

C«H 40 CH=CmBr-^ HC = 


= C—C6H40MgBr 


iciHrCHsBr —^ H2C=CH(CHii),OMgBr 
OH, jj CH, 

AgOAc(!H,f<#=^0 

OH 

'CHsCHCH, 


AgOAc (!H.p;i==^( 

hoLJ—'H2 oLJ( 

on, cHs 


followed by zinc dust and hydrochloric acid, opens the dihydrobenzo- 
furan ring and forms o-ethylphenols.®® Reference has been made in the 
previous section to the influence of a /5-vinyl group in ring opening during 
hydrogenation. 

The extraordinary sensitivity of the furan system to acids is dimin¬ 
ished in coumarone. Strong sulfuric acid (80 per cent and higher) 
induces formation of resins. Indeed, this treatment, applied to the 
coal-tar fractions boiling from 168 to 175®C., gives the industrially 
important ‘^cumar” or ^^paracumarone'^ resins. In practice,a series 
of polymers ranging from the dimer to the octamer is obtained. The 
dimer is distilled (b.p. 335®/755 mm.) from the higher polymers and 
returned to the process. Polymerization is generally regarded as the 
result of the activity of an ethylenic system, such as is present in indene, 
rather than of the aldehyde-phenol product from ring opening. Distilla- 


\ 


C0H4 




CH=CH 


/ 

) 

\ 


CflH4 


CH2—CH 




/ 

\ 


C.H4 


-CH—CH. 


>/ 

\ 


C4H4 


0 


-C=€H 


*’Dohme, Amer. Chem. 18, 29 (1891). 

*«Reichstein and Baud, Helv. Chim, Acta^ 20» 892 (1937); Amstutz, /. Org, 
Chem., 9, 310 (1944). 

** Smith, Hobhn, and Whitney, /. Am. Chem. Soc., 62, 1863 (1940). 

Babter and Seuffert, Ber., 84, 52 (1901). 

*^Fittig, Ann., 226, 354 (1884); Kraemer, Ber., 86, 645 (1903); Kbaeher and 
Spilker, iM., 28, 81, (1890). 

** Sheehan, Kelley, and Carmody, Ind. Eng. Chem., 29, 576 (1937). 
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tion of the resin regenerates the coumarone besides forming some phenol 
and other products of cracking. The latter change is pictured by the 
equation below.'* Piperonylic acid pyrolyzes similarly to give carbon 
and the phenolic compound, protocatechuic acid. 

(<!>^o,h«—oh=^;h), -»H(x:,H. + 2C 

Special Compounds. —Coumarone is a colorless oil,®® which boils at 
173 to 175® and has a specific gravity of 1.0706 at 25®. It is not 
frozen at —18®. It is insoluble in water and alkali and is volatile in steam 
and in ether. It can be identified by the melting points of its dibromide®^ 
(88 to 89®), picrate®^ (102 to 103®), and trinitrobenzene®® addition com¬ 
pound (103.5 to 104®). Its monomethyl and dimethyl homologues®® are 
found in higher boiling coal-tar fractions. 

Coumarandione crystallizes in yellow plates that melt at 134®. It is 
obtained from c-hydroxyphenylglyoxylic acid and phosphorus pent- 
oxide,®^ or from isatin by a sequence of treatments with sodium hydroxide, 
nitrous acid, sulfuric acid, and heat.*® The /^-carbonyl group behaves 
like an aldehyde and condenses readily with active methylene groups. 

Oxindigo crystallizes in lemon yellow prisms (m.p. 276®). It is the 
oxygen analogue of indigo. It is made from 3-ethoxy- or 3-piperidino- 
2 -nitrobenzofuran®® as shown below, but has no practical value. 


p - f ". p 

■ r ‘C 


) 2NO2 


..O^’NOK-r 


■4" 

V KI 


The starting material is prepared from the secondary amine and 2-nitro-3-bromocoumarone. 
*KOEt. *Ia. 


Coumaran-S-one, also called |3-coumaranone and benzofuran-3-one, is 
obtained by heating o-hydroxychloroacetophenone with sodium acetate,^® 
or by treating phenoxyacetic acid with phosphorus pentoxide.^® This 
compound melts at 97®. An active methylene group is present. Hence 
aldehydes, ketones, and nitroso compounds react readily with )8-cou- 

Gbnnari, Gazz, chim. itaX.j 24, I, 470 (1890). Perkin, J, Chem, Soc*, 69, 1201 
(1896). 

Kraemer annd Spilkeb, Ber.j 28, 78, 3276 (1890). 

Sx7X>BOEotrGH and Beard, /. Chem. 5ac., 99, 209 (1911). 

Stoermee and Boes, Ber., 88, 3013 (1900). 

97 Fries and Pfaffendoef, Ber., 48, 154 (1912). 

(a) Baeteb and Fritsch, iDid., 17,973 (1884); (b) Titopf, MOller, and Beioh- 
STElN, Helv. Chim. Ada, 20, 883 (1937). 

Stoermee and Brachmank, Ber., 44, 315 (1911). 

40 Fries and Finck, 41, 4271 (1908). 
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maranone. In absolute alcohol in the presence of zinc chloride, benzal- 
dehyde condenses in a 1:1 ratio to form an alkylidene derivative; in 
acetic acid in the presence of concentrated hydrochloric acid, it condenses 
in a 2:1 ratio to form a biscoumaranone ^alkylmethane analogous to 
the product of a Knoevenagel reaction.^‘ Synthesis of a typical alkyl¬ 
idene derivative^® is shown below. 

pOCH, ^ ^ P^OycHR 

Kh “‘ K —'=0 

Large R «*• methoxybeua ladical in which the inethoxy group is paia to oxygon; small R an 
aromatic residue. 

« BrCHaCOCl + AlCU followed by heating with alcoholic sodium acetate. ^ RCHO + ZnCla. 

» 

The alkylidene shows variety in reduction/^ With platinum, hydro¬ 
gen selectively reduces the carbon-carbon double bond; with palladium 
on Norite, it reduces the carbonyl group also. The alkylidene compound 
reacts with bromine. Alcoholic sodium hydroxide may (a) eliminate 
hydrogen bromide from the dibromide and form a bcnzoylcoumaranone 
or (5) open the ring and then form a six-membered ring, a flavonol, by 
reaction with the other bromine atom. Ring opening is facilitated when 
methyl, methoxy, or chloro substituents are para to the oxygen atom 
in the coumaranone ring and is retarded when methyl or methoxy are 
in the meta position or two methoxy groups are in the benzylidene 
nucleus.^® The benzoyl coumaranones can be distinguished from the 
isomeric fiavonols by the fact that they have lower melting points, give 
no yellow color with blue fluorescence in concentrated sulfuric acid, and 
yield characteristic derivatives with diazonium salts. 

Condensation of jS-coumaranone with coumarandione gives oxindi- 
Tuhin,^^ The orange-yellow product melts at 215*^ and is the oxygen 
analogue of indirubin which is made by a similar reaction in the benzo- 
pyrrole series. See page 123. ' 

pO C«H 4 \ pO C4H4 

col/ \h. + oc^ ^o-»c.h,^ \ 

\<o,< \(0,/ 

^ V 

Condensation with nitrosodimethylaniline gives an anil that con¬ 
denses with another molecule of the coumaranone and forms oxindigo,*^ 

Knoevsnagel, ibid.f 81, 2535 (1396). See also reference 42. 

Shriner and Damschroder, /. Am, Chem, 80 c,j 80, 394 (1933); Shrineb and 
Anderson, i6id., 60, 1415 (1938). 

** V. Attwebs and Pohl, Ann., 406, 243 (1914). 

Fbies and Pfaffendobf, Ber,, 48, 212 (1910); 44, 114 (1911). 

** Fries and Hassbuiaoh, ibid,^ 44, 124 (1911). 
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=o 

-=NC,H4N(0H,)2 


p—TO 


Large H - CaHi; femall R - (CHa)sNC6H4. 
o Condenaation of the anil with coumaranone. ^ HCl. 


n~Q 


Oxindigo 


Tvbaic acid, C 12 H 12 O 4 , is an alkali cleavage product of rotenone/* one 
of the fish poisons (page 172). Determination of its structure Avas one 
of the important clues to the architecture of the parent compound. The 
formula shown in Fig. 3 accounts for (a) optical activity; {h) catalytic 
reduction of one double bond; (c) loss of a carboxyl group when heated 
and restoration of the carboxyl group by treatment of the product with 
alkali bicarbonates (Kolbe synthesis); and (d) presence of two oxygen 
atoms, one of which is indifferent to, while the other is reactive with, 
acylating and methylating (diazomethane) agents, the latter, however, 
with some difficulty. Drastic hydrogenation with palladium on Norite 
gives tetrahydrotubaic acid Avhich (a) has no optical activity, {h) contains 
two phenolic hydroxyl groups, one of which is easily methylated, (c) 
forms a diacetyl derivative from which one acetyl group is removed 
readily by alcoholic potassium hydroxide, and (d) yields isocaproic acid 
Avhen oxidized with permanganate. 




Tetrahydrotubaio add Isodihydrotubaic add 

Fig. 3. -Tubaic acid and related compounds. 


Alkali fusion of tubaic acid gives isotubaic acid. In agreement with 
the properties of coumarones, isotubaic acid is not hydrogenated over 
platinum black so readily as is tubaic acid. The dihydro product, when 
obtained, is a racemic mixture that can be separated into enantiomorphs. 
The levo form is identical with dihydrotubaic acid. The compound is 
prepared^’' from a furfural homologue by a sequence of the Perkin and 
the Kolbe syntheses. 



E ZaopropyL 

• Perkin oondenaation. laopropylfurfural with sodium succinate and acetic anhydride at 140*^ for 35 
hr. Kolbe synthesis. Sodium salt and carbon dioxide. 

♦«LaForo«, Hallbe, and Smith, Ch$m, Rev,, 12, 181 (1933). 

Ebichstein and Hirt, Helv, Ckim, Acta, 16, 121 (1933). 
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Z-Coumaronylacetic acid^^ has a structure similar to heteroauxin, the 
plant hormone (page 113), but without its activity. The synthesis, 
from coumarandione, contains some excellent examples of ring opening 
and closing, of relative stability of carboxyl groups, and of chain lengthen¬ 
ing by the Arndt-Eistert reaction. 



C(0)C02ll 

CH 2 CO 2 R 




CHsCOjH 


« NaOEt + BrCHaCOjR. > NaOEt. The 2,3-dicarboxylic acid product is heated to 270®. One 
carbon dioxide is lost. ® SOClj followed by CHsNa. The diazoketone is then treated with silver oxide 
and water. Arndt-Eistert synthesis. 


2-Aldehydocoumar(me is prepared from 2-acetylcoumarone by oxida¬ 
tion with permanganate, or better from coumarilic acid'*® by a conven¬ 
tional series of steps for the preparation of aldehydes from acids. 


R.oJoo.„-R.oJc,o,c.-R.<::jcho 


« (1) SOCI 2 ; (2) HCN + pyridine. (1) Hydrolysis. HCl + H 2 O. (2) Decarboxylation of the 
glyoxylic acid in boiling aniline for 10 min. 


Pyrousnic acidj^^ C 12 H 12 OB (m.p. 199 to 200®), is obtained by heating 
the optically active yellow lichen usnic acid, CisHicO?, with 50 per cent 
aqueous sodium hydroxide in an atmosphere of hydrogen. Acetone is 
evolved. Diazomethane methylates only the single carboxyl group, but 
methyl iodide and potassium carbonate in boiling acetone methylates one 
carboxyl and two phenolic groups. Synthesis of this last acid from 
phloroglucinol occurs in three principal steps; (A) the introduction 
of a methyl group by reduction of the product of a Gattermann reaction, 
(B) the formation of a coumaran compound, and (C) the introduction 
of an acetic acid group, by use of an aldehyde-azlactone-oxidation 
sequence, a type of reaction that will be mentioned often in this text. 
The total series appears long, but the majority of the steps are chemical 
reactions that should be familiar to every organic chemist. 


,OH a CHa' 


R B CHaQ 


(A) 


DHa OCHa OCHa 

« (1) HCN + HCl; (2) CaHaCHaBr + KaCOa in boUittg acetone; (3) CHal + K«COa. ^ H* + Pd 
on charcoal. The CoHfiCHa —(R), is simultaneously eliminated. Introduction of the benayl group 
permits differentiation of the ethers so that the desired phenolic group is obtained. 





Reickstein and Reichstein, tbid,y 18, 1275 (1930). 

®*CiTRD and Rq&ebtson, J, Chem, Soc,, 1173 (1933); Bihch and Robebtsok, 
306 (193$). 
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CH,0|«^^0H . CH.0|«*>**^0CH,0(0)CH, i CH,0 

CH.lsss^ CH. 

OCH, OCH, 

® ClCHaC(0)CH« + KaCOi in boiling acetone. H 2 SO 4 below 0®. 



(B) 


CH, 




(C) 


CeHs 


jCHaCOgH 

IcHa 


Large R - CHi(CHiO)aC«H <. 

« (1) HCN + HCl to form aldehyde; (2) condensation of aldehyde with hippurio acid in the pres¬ 
ence of sodium acetate and acetic anhydride to form an azlactone. ^ (1) Ring opening of the azlactone 
with 10 per cent NaOH to form a pyruvic acid. — CHaC(0)C02H; (2) oxidation with HsOs. 


Uaenolj^^ C11H12O8, (m.p. 178®) is derived from usnic acid by hydroly¬ 
sis and thermal decomposition. It has a phenolic group, yields diacetyl 
and diben2oyl derivatives, forms a dimethyl ether with methyl iodide 
and potassium carbonate in boiling acetone but not with diazomethane, 
and produces methylphloroacetophenone by ozone degradation. The 
probable structure, deduced from these facts, is confirmed by synthesis 
of the dimethyl ether from phloroglucinol. The steps are somewhat 
similar to those already described for synthesizing the dimethyl ether 
of pyrousnic acid. 


COjCH, CO 2 CH, 




CH, 

CH, 


The starting material is prepared from the methyl ester of phloroglucin carboxylic acid and diazo¬ 
methane. 

«(1) Saponification; (2)CH,1 + slight excess NaOCHi; (3) Esterification with more CHiI + 
NaOCH,. 

» (1) CHaCH(Cl)COCH, + K,OOi; (2) HK) + HX; (3) -COa; (4) CH,I + KtCOa. 


2f4fij7-TetrainethyU5^hydroxycoumaran^^ has the same substituents 
in the benz nucleus as are present in the aromatic portion of vitamin E. 
Indeed, the physiological properties and absorption spectra of many 
coumaran compounds are very similar to those in the chroman series. 
Synthesis of the corresponding coumarone begins with pseudocumene.®® 
The initial steps are similar to some found in the preparation of certain 
chroman compounds. The products are the result of a 1,4-addition of 

0utu> and Hobbbtsok, t’btd,, 714 (19S3). 

Smith, Owe, Wawzonek, and PatcHAKD, /. Dry, €hem,, 4, 318 (1939). 

“ Skmi MacMullen, J, Ckem, Soc,, 38, 929 (1986). 
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* (1) Bri. The 5-bromo isomer forms also but can be made to change to the 3>bromo compound 
under influence of concentrated sulfuric acid, the Jacobsen reaction; (2) NaOH + Cu at 26(>~300°; 
(3) NatCrtOi, 

6 NaOEt + CHiC(0)CHfCOjEt. 


the keto-ester to the conjugated bonds in the quinone, with subsequent 
ring closure and “acid^^ or '^ketone’' cleavage. 5-Hydroxy-2,4,6,7- 
tetramethylcoumarone and 6-hydroxy-4,6,7-trimethylcouinaranone are 
formed. Ethyl sodiomalonate yields the coumaranone only. Similar 
condensations occur with quinone itself. A direct synthesis®® from 
2,3,5-trimethylphenol is shown below. 



« (1) Introduction of allyl group by CiHsCl + KI -f K*CO« followed by Fries rearrangement of the 
ether at 275°; (2) introduction of the hydroxy group by sequence of coupling with N 2 C«H«COiH, reduc¬ 
tion to an amine, oxidation to a quinone with FeCli, reduction to a hydroquinone with Zn + HOAo. 
Ring closure with pyridinium chloride at 135°. 


The starting material in this synthesis as well as those in the chroman 
series can be prepared®^ from m-xylenol by a Mannich reaction, followed 
by reduction. 



« Mannich reaction, HjCO + (CHi)iNH. * H* at 177 atm. over Cu-Cr catalyst. 


Isobenzofurans.—Isobenzofurans, with aromatic rings attached, can 
be prepared from appropriate diketones by reduction, or from phthaleins 
by action of sulfuric acid, or from dibenzoylethylene by the Diels-Alder 
synthesis. The first method is illustrated below by the preparation of a 
1,3-diphenylisobenzofuran®® from phthalic anhydride. 

** Smith, Hobhx, and Whitnbt, iWd., 68, 1863 (1940). ^ 

, Caldwell and Thompson, 61, 7^, 2354 (19^). 

BaPKE and Patblski, ibid .^ 66 , 273, (1936), 
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P_o0^.pc<o.«_p 

In— c/ r\c(0)R l\ 


C(0)R 


R' 




o 


"R' 


Small R CHiOCcHi—. R' » CeHiCl which was derived from the anisyl radical in two steps 
by hydrolysis with hydrobromio acid and chlorination with phosphorus pentachloride. 

« CHtOG«H4MgBr» * Reduction and elimination of water. 


# 

The second method®® converts a phenolphthalein to an isobenzofuran. 
9-Arylanthrone-lO may also form in this reaction by loss of water. 


• HaSOi. 


r: 


.(C.H«OH)* 
-C^ 


r: 


_C6H40H 

% 


Steps may include hydrolytic cleavage and recombination. 


The third method®^ employs the diene synthesis as one of the steps 
of an interesting series that starts from iransdibenzoylethylene.®® 

H Cv H 

RC(0)CH ^ QH, jj^'^ C(0)R CH, 

hCcCOR CH,l,Jc(0)R 

“2 CflHs 

« Transdibensoylethylene is made from maleic anhydride, benzene, and aluminum chloride. It 
condenses with dimethylbutadiene. ^ (1) HtPOi in CHiCOsH gives a dihydroisobenzofuran; (2) con> 
version of the dihydroaromatic ring to an aromatic ring by addition of Br 2 followed by HBr elimination 
with NaOAo in HOAo, but the furan ring opens simultaneously; (3) reformation of furan ring by reduc> 
tion with Zn + HOAo or Zn + NaOH in alcohol. 


DIBENZOFURAN 

Methods of Preparation.—When diphenyl ether is passed through a 
hot tube, diphenylene oxide is formed. The reaction is akin to the well- 
known formation of diphenyl from benzene, except that the hydrogen 
evolved forms phenol and benzene with another molecule of the ether. 

2C.H.OC,H. ^ aH40C.H4 + C,H.OH + C.H. 

Other methods of preparation are (o) dehydration of phenol over strongly 
heated thorium oxide; {h) pyrolysis of phenol over litharge (20 per cent 
yield)** for 8 hr. at 150®; (c) distillation of phosphoric acid esters over 
lime; and (d) diazotization of o-aminophenyl ethers. This last method 
is often used to locate the position of a substituent. For example, proof 
that nitration of diphenylene oxide occurs at C* is given by ring closure 
of an amino diphenyl ether®* and conversion to a compound derived 
from the nitrat^ diphenylene, oxide (see Fig. 4). 

BiiiiCKX and Patelki, ibid., 08, 550 (1936). 

" Asamb and Gold, ibid., 68 , 56 (1640). 

••Ltrar, fWd., 08, 8428 (1930). 

*' Oui^lNANB, J. Cbm. Soe.., 2267 (1930). 



CONDENSED FURAN SYSTEMS 


33 



« CeH.OK. Fe + H,0 + FeCls, HNO», HjS04. « HNO,. -*811 + HCl, HNOa + CuCl. 

Fig. 4.—Synthesis of substituted dipheriylene oxide compounds and proof of position of 

nitration. 

Reactions of Diphenylene Oxide.—Replacement reactions are unique 
in that the position of the entering group is largely determined by the 
nature of the reactant, not by any orientation by groups. Nitration, 
as already indicated, introduces a group in the S-position. Halogenation 
and sulfonation, on the other hand, introduce their groups in the 2-posi¬ 
tion. Substitution in the 4-position occurs with mercuric acetate, 
methylthium, butylsodium, or sodium-potassium alloy. Excess of these 
metalating reagents leads to 4-6 disubstituted products. 

Lithium can be introduced into the 2-position by interchange®^ of 
halogen and metal. A secondary* reaction, caused by metalation at C4 



in the bromodiphenylene oxide by the new lithium compound, occurs in 
this process. The interchange of bromine and lithium is general. Eight 



different bromomethoxydibenzofurans®^ exchange their bromine atoms 
for lithium when treated with butyllithium. 

Metallic compounds are valuable as intermediates for other products. 
The alkali metal derivatives undergo the usual reactions®® with dimethyl- 
sulfate, carbon dioxide, iodine, sulfur dioxide, or oxygen (air). Mer- 
curated products will yield iodo derivatives with io'dine. 

Gilman and Young, J, Am. Chem, Soc.^ 66, 1415 (1934). 

Gilman, Cheney, and Willis, ibid.f 61, 951 (1939); Gilman, Lanoham, and 
Willis, itid., 62, 346 (1940). V 

•* Oilman, Swislowsky, and Bbown, 62, 348 (1940). 

Gilman and Young, tbid.j 1121 (1935). 
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Compounds with substituents in the 1-position are obtained either by 
synthesis or by indirect means. A hydroxy group at C2, for example, 



• NaOH + CuS04 4- Cu at 240® for 12 hr. Br 2 in CHiCOsH. 


will direct a bromine to the 1-position, and a 2-methoxy group will direct 
lithium (from butyllithium) largely to the l-position (4 parts at Ci and 
1 part at Cj). The orienting influence of the methoxy group is, therefore, 
greater than that of the ether link inside the ring.®® 

Alkali fusion opens the ring.®® The process is useful in structure 
determination, as, for example, in the case of a coal-tar constituent shown 
below. 





ClOaH 


Influence of Substituents. —Substituents have an effect expected 
from their behavior in aromatic compounds. For example, a nitro group 
in the 3-position of dibenzofuran protects that ring from attack by 
another reagent and does not affect the position taken by a nitro or 
bromo group when it enters the other benz ring. Bromination®^* of 
3-nitrodibenzofuran inserts a bromine atom in the other ring. The 
product is identical with that obtained by nitration of 2-bromodibenzo- 
furan. The structure of the product is proved by synthesis. An amino 
group in one ring, however, facilitates the attack by other reagents in 



^HN0>,HtS04. *HNOi. •'Br*. 
Large R 0«H4. 


Oilman and Van Ess, iWd., 61, 1365 (1939). 

^ Gilman and Pbbb, ibid., 61, 109 (1939). 

** KmmwsL, Ber., 66,1382 (1932). 

•’f McOombiu, MacMullan, and ScABBOBouaH, /. Chem. Soc., 529 (1931); 
CtTLLiNANB, Davbt an Padpield, J. Chem. Soc., 716 (1934). 



CONDENSED FURAN SYSTEMS 


35 


that same ring, exactly as it does in the aromatic series. Bromination 
of either 2- or 3-acetaminodibenzofuran introduces a halogen atom ortho 
to the amino group.®* Proof of the position is given by conversion (CuBr 
and NH4OH) of each bromoamino compound to the same diamino deriva¬ 
tive, identified by formation of a quinoxaline (page 502) derivative with 
benzil or phenanthraquinone. 



« Bn, cone. HCl in EtOH. * CuCl + NHOH. 


Reduction by sodium and absolute®** alcohol or by catalytic (Pt black) 
hydrogen^® yields 1,2,3,4-tetrahydrodibenzofuran (b.p. 208 to 269®). 
Addition of metalic sodium^^ in liquid ammonia gives 1,4-dihydrodibenzo- 
furan. Permanganate (5 per cent)^' solution, sulfur, or selenium restores 
the dibenzofuran. Phenyllithium’'^ will dehydrogenate the dihydro 
compound also. 

Physiological Properties.—The dibenzofuran nucleus is present in 
morphine (page 317). Hence the physiological properties’^ of com¬ 
pounds in this series are of considerable interest. Dibenzofuran itself 
has a little activity, as does also phenanthrene, which can similarly be 
carved from the morphine molecule. A mild depressant action results 
from the introduction of simple groups such as acetyl or propionyl. 
2-Acetyldibenzofuran is readily converted to an aminoketone by (a) 
reduction of an isonitroso derivative, or (b) reaction of the bromo deriva¬ 
tive with an amine. Catalytic reduction converts the ketone to an 
amino alcohol. 

Brazan (m.p. 202°) is derived from brazilin (a pyrane compound) by 
distillation of some derivatives over zinc dust.’* A possible synthesis’* 
is effected by condensing 2,3-dichloro-a-naphthoquinone with resorcinol 

Gilman, Brown, Bywater, and Kirkpatrick, J, Am, Chem, Soc,, 56, 2473 
(1934). 

Honiqschmid, Monatsh,f 23, 829 (1902). 

Culunane and Padfield, J, Chem, Soc.^ 1131 (1935). 

Gilman and Bradley, /. Am, Chem, Soc.y 60, 2333 (1938). 

” Mosettio and Robinson, ibid., 67, 902, 2186 (1936); Kirkpatrick and Parker, 
ibid,f 57, 1123 (1935); Cook and Gilman; Proc. Iovm''Acad, 8ci'., 46, 220 (1939); 
C.A., 84, 6941 (1940). 

V. Kostanbcki and Lloyd, J5er., 86 ^ 2193 (1903); Gbafmann and v. Kostanecki, 
^Wd., 48, 822 (1909); Perkin, Jr., and Robinson, J. Chem. Soc.y 95, 381 (1909). 
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and subjecting the product to zinc-dust distillation. This structure is 
not regarded as settled. 


O O 



« Resorcinol + NaOEt. Zn dust distillation. 


Problems 

1, Name each product that should be formed in the following cases: (a) The 
dry sodium salt of salicyl aldehyde is suspended in benzene and allowed to react with 
chloroacetone.’'® (b) The acetyl derivative of o-allylphenol is treated with bromine 
in carbon disulfide and the resulting dibromidc is refluxed with an (ixcess of alcoholic 
potash or sodium alkoxide.’® How would you show that the product of this last 
rea(^tion is not a chromene (six-membered ring) compound? Could the product of 
the reaction have been different if one equivalent of alcoholic potash had been used? 
(c) An acetone solution of 1 mole of phenol is refluxed on a steam bath with 1.1 mole 
each of potassium carbonate and 2-methylallyl chloride; the product of the first 
step is put in a flask and heated with or without a solvent (dirnethylaniline) to 245°; 
and the principal product from the second step is heated with pyridine hydrochloride 
(bath temperature 235 to 245°) to form one product, or is added drop by drop 
to an a<^ueous solution of mercuric chloride, which is mechanically stirred,® to form 
another product, (d) Toluylquinone, ethyl acetoacetate, and zinc chloride are 
warmed together in acetone solution until a vigorous reaction is completed. (e) 
Ethyl o-chloroacetoacetate, 33 g., is heated on a water bath with 25 g. of orcnnol 
(5-methylresorcinol) in a concentrated solution of 4.6 g. of sodium in alcohol until 
the mixture is neutral.’'® 

2» Describe the steps for preparing 4-hydroxycoumaran-3-one from resorcinol.^® 
What is the product of the reaction of this heterocyclic compound with benzoyl 
chloride in the presence of sodium carbonate and water? In what way might the 
physical properties of the coumaranone differ from those of its 6- or 7-hydroxy isomer? 

3. Devise a sequence of reactions for preparing 4,6-dimethoxy-3,5-dimethyl- 
coumarone-2-carboxylic acid from phloroglucinol.^® 

4. 4-Hydroxy-coumarone-5-carboxylic acid®” is derived from elliptone, one of 
the other constituents in the resin from the Derris elliptica root, a source of rotenone. 
It is formed by a cleavage similar to that which yields isotubaic acid from rotenone. 
Devise a method for its synthesis in the laboratory. 

3. Write the equation for the preparation of 6*rnethoxycoumaran-3-one. How 
does a solution of the compound in glacial acetic acid react with acetone in the presence 
of some zinc chloride? How can t^e second product be converted to a 2-alkylcou* 
rnaranone or to an alkylooumarane compound?®® 

Ebel, Helv. Chim. Ada, 12, 3 (1929), 

« Stoeembb, Her., 80, 1711 (1897). 

Adams and Rindfuhz, J, Am, Chem, Soc., 41, 648 (1919). 

Gkaebe and Levy, Ann,, 288, 246 (1894). 

V. Kostanecki and Tambor, Ber,, 42, 901 (1909); 28, 237 (1896). 

Shbirbb and Wm®, J. Am, Chem, Soc,, 61, 2328 (1939). 

Harper, /. Chem, Soc,, 1424 (1939). 
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6. Euparin, a yollow crystalline material from the roots of Ewpatonum pur- 
pureum, was suspected of containing a C-acetyl group 

HO C(CH,)=CH2 

CH,C(0) ^ 

because the carbonyl group was resistant to reduction by hydrogen and a palladium 
catalyst and was unaffected by boiling 30 per cent alcoholic sodium hydroxide. How 
can the acetyl be replaced by an amino group and thus prove that there is a C-acetyl 
group present? Wliat are the products of ozonalysis of a compound of the above 
formula?*^ 

7. What is the produc-t from each of the following reactions? (a) 2-Allyl-3,5,6- 

trimethylhydroquinone with a halogen acid.>*2 (h) A mixture of thymol, benzoin, 

and 73 per cent sulfuric acid, heated to 150 to 170®.®^ 

8 . What is the product that results from the sequence of (a) allyl alcohol refluxed 
with m-cresol in sulfuric-glacial acetic acid; (b) precipitation with water; (c) distilla¬ 
tion? Write the products for the same sequence of steps in a reaction between 
phenol and cinnarnyl alcohol.^ 

9. Write the equation for preparing the 2-methylallyl ether of phenol and for 
the product obtained by heating the ether in a metal bath at 245°.® 

10. Devise a method for the preparation of (a) 2-acetobenzofuran from salicylaldc- 
hyde;*2 (h) a-bcnzoylcoumarone^* from nonheterocyclic compounds. 

11. A sequence of chemical changes converts 2,3,5-trimethylphenol to CigHiflOa.®® 
Write the formula and name the product obtained in each step of the process when 
the reagents are; (a) the diazonium solution from sulfanilic acid; (6) sodium hydro¬ 
sulfite; (c) formic acid; (d) sodium ethoxide and allyl chloride; (e) refluxing in kerosene 
at 225° for 7 hr.; (/) refluxing with 40 per cent hydrobromic acid for 2 hr.; (g) ferric 
chloride and hydrochloric acid in the cold; (h) refluxing with acetic anhydride, sodium 
acetate, and zinc dust; (i) refluxing with hydrobromic acid. 

What would be the product that would result from the addition of ferric chloride 
and hydrochloric acid during a steam distillation of the product from (6) ? 

12. Show a method for the preparation of 5-nitro-2-aminophcnol and write the 
products that result from a sequence of reactions which begins with that compound 
and uses in turn (a) nitrous acid followed by cuprous chloride, {h) methylation, (c) 
stannous chloride, (d) nitrous acid followed by 50 per cent sulfuric acid, (e) dimethyl- 
sulfate, (f) chloroacetyl (ihloride and aluminum chloride, (g) boiling alcohol containing 
sodium acetate, (h) benzaldehyde, (i) chlorine.*® 

13. Devise methods for the preparation of the following; (a) 4,6-, 2,5-, 2,6-, and 
3,6-Dimethylcoumarone^^ from readily available phenolic compounds, (h) j^Naph- 
thofuran from jS-naphthol by way of ^-naphthol aldehyde or by some other method. 
(c) Bis(2-benzofuryl) ketone, (—OC 6 H 4 CH=C—) 2 CO, from salicylaldehyde. (d) 
A difuran compound that has the structure®* 

CHa |j-CH® 

EtOsC 

KamthOng and Kobertson, J. Chem, Soc.^ 925 (1939). 

«* Smith, Ungnade, Hqbhn, and Wawzonek, /. Org. Chem.j 4, 305 (1939). 

*» Jabb and Meldbum, J. Chem, Soc., 75, 1035 (1899). 

•* Hantzsch, Ber., 19, 2927 (1886). 
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14* What are the reactions of the following coumarone compounds with the 
agents indicated? (o) Coumaran-3-one with methylmagnesium iodide.*® (6) 2^Bro- 
mocoumarone with sodium ethoxide in a closed tube at 200®; the same reaction 
with 3-chlorocoumarone.“ (c) 2,3-Dichlorocoumaran with alcoholic potash. 
(d) 5-Methylcoumaranone condensed with itself. (e) Coumarone heated at 200® 
in a copper autoclave with alcoholic potassium hydroxide. 

15. Describe a method for obtaining o-hydroxybenzoylformic acid from a hetero¬ 
cyclic compound.^* 

16. Devise a method which will prove that nitration occurs in the 2-position of 
coumarone.*^ 

17. What is the final product into which 3,5-dimethyl-2-ethyl-phenol is converted 
after a sequence of reactions with (a) nitrous acid, (6) hydrochloric acid and hydrogen 
peroxide, (c) zinc and acetic acid, (d) ailyl bromide and zinc chloride in benzene 
solution?** 

18. Write the products that are formed when (a) hydroquinone dimethyl ether 
is treated with a-bromo-/3-phenylpropionyl chloride in the presence of aluminum 
chloride in carbon disulfide in the cold, (b) the mixture is refluxed gently in an oil 
bath, and the product is then treated with alcoholic sodium acetate.^* 

19. What compound results when 2-chlorocyclohexanoiie is added dropwise to 
ethyl sodioacetoacetate in toluene and the product is heated with thirty times the 
quantity of 15 per cent hydrochloric acid for 10 hr.?** 

20. What product results when p-chlorophenol is passed through a silica tube 
heated to dull redness?*® 

21. Propose a method for the synthesis of 2-bromodibenzofuran-6-carboxylic acid 
from nonheterocyclic materials.*^ 

22. Direct iodination of dibenzofuran is impossible. How might 2,8-diiododi- 
benzofuran be prepared indirectly?®* 

28. Bromination followed by conversion to the Clrignard reagent and carbonatioii 
gives a diphenyleneoxide carboxylic acid probably in the 2-position. Suggest a 
synthesis from a nonheterocyclic compound that will show the position occupied by 
the carboxyl group.®* 

24. Substitution in the 2-position occurs when chlorosulfonic acid is dropped in a 
chloroform solution of dibenzofuran at 25®. Suggest a method for converting the 
sulfonic acid to the known iodo and carboxyl derivatives®* in order to prove its position. 

** Stoermer and Barthelmes, ibtd,f 48, 62 (1915). 

*• Baker and Banks, J, Chem, Soc,, 279 (1939). 

*’ Stoermer and Kahlert, Ber., 85, 1640 (1902). 

*• Karrer and Hoffmann, Helv. Chim. Acta, 22, 654 (1939). 

®® Ebbl, Huber, and Brunner, ibid,, 12,16 (1929). 

®* Bell, J. Chem, Sac., 1244 (1936). 

^ Gilman, Van Ess, and Hayes, J. Am. Ckem. Soc., 61, 643 (1939). 

*» Gilman, Smith, and Oatfield, 56, 1412 (1934). 

»* Meter and Krieger, Bcr ., 55,1659 (1922). 



CHAPTER III 

THIOPHENE AND CONDENSED THIOPHENE SYSTEMS 


THIOPHENE COMPOUNDSi 

Historical.—In 1879, A. Baeyer,^ at work with derivatives of benzene, 
observed that the yellow solution of isatin in sulfuric acid first turned 
green and then an intense blue when shaken >\dth supposedly pure 
benzene from coal tar. From a carbon and hydrogen analysis (no test 
for sulfur was made at that time), he concluded that the blue precipitate 
was a compound of the indole derivative and ^^phenoP^ (benzene). 
Hence the name “indophenin,'’ by which this reaction became known. 
The test was used by Victor Meyer* as a lecture demonstration to show 
that a sample of benzene, prepared by pyrolysis of a mixture of sodium 
benzoate and soda lime was, indeed, benzene. To his amazement, the 
test failed. On the same day, he set to work to discover the cause of 
the abnormality and in 1882^ reported that benzene, repeatedly shaken 
with concentrated sulfuric acid until no further color developed, gave 
the indophenine test with difficulty, but that benzene^’ recovered from 
the sulfuric acid layer, by formation of the barium salt and distillation 
over sulfuric acid, gave the color readily. A year later, ^ with some help 
from an industrial company, he obtained a sufficient quantity (140 g. 
as the result of shaking 2501. of benzene with 25 1. of concentrated acid, 
forming the lead salt, distilling with dry ammonium chloride, and then 
repeating these processes with ligroin as a solvent during sulfonation) 
to determine with surety its boiling point, 84®, to make analyses of the 
carbon, hydrogen, and sulfur, and to prepare and analyze the dibromo 
derivative. At his solicitation, the original indophenine compound of 
Baeyer was tested for sulfur and a corrected composition and analysis 
published,® Subsequently, with as much as 1,944 g. of pure thiophene 
from 2,000 1. of benzene, he carried through a series of studies on the 
properties of this material. 

Isolation of Thiophene. —Sulfuric acid remains one of the important 
agents for isolating thiophene. Its use depends on the fact that the 
of-hydrogen atom of the heterocyclic compound is much more reactive 

^ Stbinkopf, **Die chemie des thiophen,” Dresden und Leipzig, 1946, 

* Baxhtbr, Her., 12, 1309 (1879), 

® Mbydk, ^^Die Thiophengruppc/^ Brunswick, 1888. 

♦ Meybb, B«r., 16, 2898 (1882); 16, 1465 (1883). 

« Meyer, ibid,, 17, 2641 (1884). 
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than any attached to benzene. All other methods depend on this same 
differential. For example, mercuric oxide and acetic acid form the 
precipitate® H 0 Hg-C 4 H 2 S*Hg 02 CCH 3 from which the thiophene is 
recovered by distillation over moderately concentrated hydrochloric acid. 

Preparation of Thiophene Compounds. —Methods of synthesis may 
be divided into two classes: (a) those which join sulfur to a series of four 
carbon atoms and (h) those which unite sulfur with smaller fragments 
such as acetylene or ethylene. An example of the first method is given 
by the reaction of sodium succinate with phosphorus trisulfide.^ Any 

HaC-CJHa _ 

0(1) -j* l^t2^3 [| ij 

ONa NaO 

diketone, ketoacid, anhydride, or sodium salt, which can theoretically 
change to a 1,4-dienol system, will produce a thiophene compound when 
heated with phosphorus tri- or penta-sulfide. Typical® of this class are 
acetonylacetone, levulinic acid, succinaldehyde, and succinic anhydride. 
These compounds are, in general, the same as those used for some of the 
syntheses in the furan series; although in the case of thiophene products, 
no thiol substituent remains on the nucleus. For example, levulinic 
acid yields methylthiophene rather than methylthiolthiophene. A 
carboxyl group, however, can remain attached as illustrated by the for¬ 
mation of a-thiophencarboxylic acid when mucic acid is heated with 
barium sulfide at 200 to 210°.® 

Dienes also form thiophene compounds with sulfur. Isoprene, for 
example, gives a 47 per cent yield of 3-methylthiophenc^® when passed 
through boiling sulfur at 350°. Furan compounds that have a diene-like 
behavior will yield the corresponding thiophene by passage over heated 
aluminum oxide with hydrogen sulfide. 

The second general method consists of uniting sulfur with ethylene 
or acetylene at high temperature. When passed through boiling sulfur 
in the presence of a special nickel catalyst, acetylene yields 40 per cent 
thiophene^^; over pyrites at 420 to 600^ or bauxite with hydrogen sulfide, 

these gases also give thiophene.^® 

* 0 

® VoLHABD, Ann.f 267, 172 (1892); Stkinkopf and Bauebmei|?ter, ihid.^ 408, 60 
(1914); Dimboth, Ber., 82, 768 (1899). 

^ Phillips, Org. Syntheses^ 12, 72 (1932); Coll. vol. II, 578. 

® VoLHARD and Erdmann, Ber., 18, 464 (1885). 

• Paal and Tafkl, ibid,y 18, 466 (1885). 

Shepard, Hbnne, and Midoley, Jr., /. Am, Chem* Soc,t 66, 1355 (1934). 

JuiUBW and Eakitin, JBcr., 69 , 2492 (1936). 

w Baotm, J, Applied Chem, (U,8.8.R.)y 8, 262 (1933); C.A., 28, 2710 (1934). 

Schneider, Boch, and HIttsseb, Ber,^ 70, 425 (1933); Stubb and Gbob, 
tJ.8.P. 1>421,743; C.A., 16, 3093 (1922). 
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Physical Properties.—The nearness in boiling points of benzene and 
thiophene, which accounted for the presence of the latter in the indo- 
phenine test, is shown also by derivatives of these compounds.^'* The 
melting points of the members of the two series frequently show the same 
similarity (Table I), although the parent members and some derivatives 
such as the nitro- melt at widely separated values. As would be expected, 


Table I,— Comparison of Boiling and Melting Points of c^substittjted Thio¬ 
phene Compounds with Corresponding C'ompounds in the Aromatic Series 


Thiophene scries 



M.p. 


Benzene series 


B.p. 


M.p., 

®C. 


Thiophene. 

Methylthiophene. 

Ethylthiophenc. 

Propylthiophene. 

Dithienyl. 

Chlorothiophene. 

Bromothiophene. 

lodothiophene. 

Nitrothiophene. 

Thiophenccarboxylic acid 
Methyl thiophenecarboxy- 

late. 

Thiophene nitrile. 

Methyl thienyl ketone.... 

Benzoylthiophene. 

Thienylacrylic acid. 

Thionylacctic acid. 

Thienylmercuric chloride. 


84 

!i13 

132.4 


266 

130 

150 

182 

225 

260 


190 

213.5 

326 


-40 


83 


46.5 

126 


9 


138 

76 


Benzene. 

80.09 

Toluene. 

no 3 

Ethylbenzene. 

136.15 

Propylbonzene. 

159.45 

Diphenyl. 

254-255 

Chlorobenzene. 

182 

Bromobenzenc. 

155 

lodobenzone. 

188.6 

Nitrobenzene. 

210.9 

Benzoic acid. 

249 

Methylbenzoate. 

199.6 

Benzonitrile. 

190.7 

Acetophenone. 

202.3 

Benzophenone. 

306 

Cinnamic acid. 


Phcnylaectic acid. 

265.5 

Phenylmercuric chloride. 



5.51 

-95 

-93.9 

- 101.6 

69.71 

-45 

-30.6 

-31.4 

5.7 

122 

-12.5 

-13 

19.7 
49 

133 

76.7 


thiophene has a higher specific gravity than benzene (1.0884 as compared 
with 0.8794). The sulfur compounds have also an electric moment 
(Table II). 

Crystallographic data measured at —170® likewise show the following 
relationship. 

Benzene: Orthorhombic system a == 7.34 h — 9.52 c = 6.74 

7 - 471 X 10-24 cm.» D = 1,099 

Thiophene: Tetragonal system a = 7.22 e = 9.54 

7 = 498 X 10-24 cm,2 D = 1.11 

This close relationship is probably caused^^ by a similarity in 
the outer electron systems of sulfur and of the double methine group, 
—HC=OH—, The latter behaves, therefore, as a pseudo sulfur atom. 
The fact that resonance potentials of sulfur and acetylene are the same, 

»4 EauSNMETM and Leo, Helv, Ch4m, Ada, 16, 1381 (1938). 
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6 volts, while that of oxygen is 9.1 volts, probably accounts for the fact 
that benaene and thiophene compounds are so frequently alike and so 
different from the furans. 


TaBLB II.—COMPABISON OF SOME PHYSICAL CONSTANTS OP BeNZENE WITH ThOSE 
OP Thiophene and Fuban 



Benzene 

Thiophene 

Furan 

kjo* X 10** . 

67 

102.8 

11,670 

292,700 

0.63 

66,3 

41.3 

11,550 

98,700 

0,71 


11,400 

110,000 

0 

. 

««. 

At X . 

q X 10*®. 

64.4 

39.7 

Parachor. 

192.1 

187.4 

Mi/ . 

26.1 

24.3 

18 28 

a^8 . 

5.8 

5.6 

5 4 

ho . 

5.9 

5.7 

5.55 



* Catalytic action as a solvent on velocity of reaction between ethyl iodide and tritnethylamino. 

* Average value between 50 and 70® of E in the equation K ■» ae'^/RT for the same reaction. 

«Average value of « in same reaction. 

^ Dipole moment. 

* Viscosity (internal pressure). 

/ Molecular refraction. 

9 Siie and form of the liquid molecule measured by Roentgen rings. 

Chemical Properties .—Replacement reactions^ on the basis of which 
superaromatic properties® are claimed, occur more readily than with 
benzene, less so than with furan. The active position is alpha, although 
not so exclusively as in the case of furan. Bromination in cold acetic 
acid or benzene yields chiefly 2,5-dibromothiophone^® with some mono- 
bromo product. In the absence of a solvent and with additional bromine, 
tri- and tetra-substituted derivatives^^ result. Meyer's method for 
obtaining the monobromo product (30 per cent yield) was to add gradu¬ 
ally and with shaking the equivalent quantity of bromine. Better con¬ 
trol of the process^* results by use of (a) bromoacetamide at —5® in 
acetone (62 per cent yield), (ft) cyanogen bromide with a trace of bromine 
in carbon disulfide or benzene (60 per cent yield), or (c) bromine at —10^ 
in acetic acid (66 per cent yield). So pronounced is the tendency toward 
nuclear substitution that bromination of thiotolene, the sulfur analogue 
of toluene, 3 nields bromothiotolene,^^ Br*C 4 H 2 S-CHg, under conditions 
that would lead to side^chain substitution of toluene. 

Chlorination also reveals the greater reactivity of the hydrogen atoms 
in the heterocyclic syst^. Hypochlorous acid, fqr example, readily 

w TOhl aad Schultz, Ber., ST, 2884 (1894). 

w(o) Steinkopp and Otto, Am., ihi, 61 (1921); (ft) Stsihkopf, Aucebtad- 
Jensen, and Donat,. iftid., 430, 78 (1928); Steineopf and K5 hlee, Ibid.y 082, 17 
(1986); (c) Keause and BENWAiffz, Ber., W, 1710 (19»). Refi also. 
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chlorinates thiophene^^ even when dissolved in benzene. Part of the 
sulfur is oxidized to sulfate in the process. Acetochloroamide, but not 
cyanogen chloride/® forms the monochloro^® compound. The com¬ 
pound analogous to benzyl chloride must be obtained by indirect methods 
such as by treating thionyl alcohol with hydrochloric acid because the 
ring is chlorinated so easily. 

Direct iodination^® of thiophene occurs in the presence of a mild 
oxidizing agent such as mercuric oxide at room temperature, whereas 
more severe conditions (nitric acid and a higher temperature) are neces¬ 
sary for benzene. Here, too^ nuclear is preferred to side chain substitu¬ 
tion; thiotolene, refluxed in an acetic acid solution with iodine and 
mercuric acetate, forms 3,4,5-triiodo-2-methylthiophene.^® 

Nitration under such mild conditions as in acetic acid at —10® is 
sufficient for thiophene. A nitro group can replace not only a hydrogen 
atom, but a carboxyl group as well during nitrations. In this respect, 
thiophene is between benzene and furan.^® For example, nitration of 
o-toluic acid gives substitution only; nitration of the analogously con¬ 
stituted 3-methyIthiophene-2-carboxylic acid gives substitution and some 
replacement of carboxyl; nitration of the corresponding furan compound 
gives replacement only. 



« UNOs in A 02 O at —10®. Nitration chiefly in the 2-position. * (1) a-MethyllevuUnic acid» derived 
from ethyl acetoacetate and a-hromopropionate, treated with PiSt; (2) partial oxidation of 2,4-dimethyl- 
tliiophene by KMnOi at room temperature. « HNOi. ** Decarboxylation. 

Fia. 1.—Proof of position of entering nitro group. 

Failure of the hetero sulfur atom to be so exclusively ortho directing, 
as is the oxygen atom in furan, is illustrated by 2-nitro-3-methylthio- 
phene and its furan analogue. The former on further nitration pelds 
chiefly a jS- while the latter yields exclusively an a-substituted product. 
Methods used by Rinkes^* to prove the structure of these thiophene 
compounds are shown in Figs. 1 and 2. 

Acetylation and benzoylation occur readily under the influence of 

Abdagh and Bowman, Soc. Chem, Ind,, M, 267 (1935). 

^»Stbink:opf and HansJce, A«n., 527 , 264 (1936); 541 , 238 (1939); Stbinkopf, 
ScBMXTT, and Fibi>L£% idtd., 527 , 237 (1936). 

Kxiocbs, Rec, trav* chitn,^ 52 , 1052 (1938). 
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aluminum chloride in carbon disulfide.^o The thiophene must be added 
with the acid chloride to avoid formation of tars. Phosphoric anhy¬ 
dride or stannic chloride may also be used as a catalyst.Thienyl 
phenyl ketone^‘^ can be prepared indirectly by the action of benzoyl 
chloride on the mercurated thiophene, thienylmercuric chloride. These 
ketones arc valuable because they can be reduced by the Clemenson 



« HNOi in AcaO at —10“. TLo chief product is the 2,4-dinitro compound. Methyl 3-methyl-2- 
nitrothiophone-5-carboxylate, obtained as shown in Fig. 1, is lieated with HNOs in AcaO at —10®. 
® Saponification followed by decarboxylation in boiling quinoline over Cu. ^ Nitration in acetic anhy¬ 
dride at —10® of 3-mt*thyltIuophenc-2-carboxyUc acid which is prepared from 3-methylthiophene by 
succesHivo treatment with mercuric oxide, iodine, magnesium and caibon dioxide. The chief product 
of this nitration is 4-nit!o-3-methylthiophenc-2-carboxj lie acid. Nitration of the chief product 
with HNOj + cone. H 2 SO 4 causes replacement of the carboxjl group by nitro. «HN08 + cone. 
H 4 SO 4 . 

Fig. 2.—Interrelation of producta that proves the position of nitration, 

method or, better, by the Wulff-Kizhner reaction to alkanes or benzyl 
derivatives. 

When benzoylation is carried out Avith phthalic anhydride, the result¬ 
ing product loses water at 150® with phosphorus pentoxide and forms 
thiophonthrenequinone.^* If the alpha positions arc blocked by methyl 
groups, as in 2,5-dimethylthiophene, the iS,j0'-product results. These 
reactions parallel the formation of anthraquinone. 



» C 4 H 4 S + AlCli. VtOt at 160® or HaS04 at 105®. 


Chlorosulfonic acid, which is a general reagent for the introduction of 
sulfonic acid groups into molecules with readily replaceable hydrogen 
CoMKY, Ber,f 17, 790 (1884); Minnis, Org, SyntheaeSj 12,62 (1932); CoU. voL II, 

520. 

Steinkopf, Ann.^ 413, 349 (1917); Stadnikoff and Ropowsky, Ber., 61, 269 
(1928). 

« VOLHABD, Ann., 267, 179 (1892). 

**Steinkopf, tbid.f 407, 94 (1915); Stbinkopf, Baei^ao, and v. Petebsuorff, 
ibid., 640, 7 (1939). 
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atoms, gives a good yield of the mono product. Fuming sulfuric acid 
introduces a second substituent. The meta-directive influence of a 
sulfonic acid offsets somewhat the tendency for alpha substitution. For 
example, nitration of the monosulfonyl chloride (from the sodium sul¬ 
fonate and phosphorus pentachloride) with fuming nitric acid produces 
mostly 4- with some 5-nitrothiophenesulfonic acid, as shown by hydroly¬ 
sis of the mixture with aqueous sulfuric acid at 130 to 145® to give 
3-nitrothiophene and hydrolysis of the residue at 150 to 160° to give 
2-nitrothi ophene. 

Ethylsodium readily introduces a sodium atom^* at the 2-position. 
Even ethylmagnesium bromide, if allowed to react at 160 to 170° in 
dimethylaniline, will form thiophenemagncsium^® bromide, which, by 
carbonation, yields thiophene-2-carboxylic acid. Mcrcuration forms 
crystalline products that are useful for characterizationand occurs 
sometimes even when both alpha positions are occupied. For example, 
2,5-dimcthyl- and 2,5-diphenyl-thiophenc form mercuric derivatives, 
but 2,5-dichloro-, dibromo-, dipropyl-, diisoamyl-, ethylpropyl-, bromo- 
ethyl-thiophene yield no product of this type. Neither do 3,4-diphenyl- 
and 2-nitrothiophenc undergo mercuration.^^^ 

,Addition reactions arc more limited than with furan systems. Sodium 
amalgam will reduce thiophene-2,5-dicarboxylic acid to a tetrahydro 
product.2^ Hydrogenated derivatives of thiophene compounds are, 
however, usually synthesized by other methods, as in the reaction of 
a,5-diiodoalkancs‘'’® with potassium sulfide. Tetramethylene glycol and 
hydrogen sulfide over alumina at 400° also yield (62.5 per cent) tetra- 
hydrothiophene^*^ (sometimes called thiophane). Although catalytic 
hydrogenation of thiophene does not appear to be practical, dehydrogena¬ 
tion of the tetra product over platinum on charcoal or nickel sulfide on 
alumina yields thiophene, although with considerable decomposition.^^ 
Maleic anhydride®^ forms no adduct with thiophene. Activity as a 
conjugate system can, however, be increased by substituents that put a 
strain on the thiophene nucleus. For example, 2,3,4,5-di(l,8-naphthy- 
lene) thiophene reacts satisfactorily either with maleic anhydride or with 
stilbene.®^ Tetraphenylthiophene, however, fails to react in this manner. 

** Stbinkopf and HOpner, 601, 174 (1933), 

ScHORiGiN, Ber,y 43, 1938 (1910). 

Challenger and Gibson, J, Chem, Soc.^ 305 (1940). 

Ernst, J5er., 19, 3274 (1886). 

*« V. Braun and TrOmpler, ibid., 43, 545 (1910); v. Braun, 43, 3220 (1910), 
JuRjEwand Mbdovshckikov, J.Gen, Chem, (U.S,S,R,)y 9, 628 (1939); C.4., 33, 
7779 (1939). 

JuRjBW and Borissow, Ber., 69, 1395 (1936). 

DsLiOSY, Bull 80 C, chim, [5], 4, 765 (1937), 

« Clapp, J. Am, Chem, Soc,, 61, 2733 (1939). 
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" Maleic anhydiide at 22o^ for 15 min. ^ Eliuunation of HiS heat. 


Ring opening is accomplished either by oxidizing or reducing agents. 
For example, cold concentrated nitric acid converts di- or tetra-bromo- 
thiophene to dibromomaleie acid, tribromo-/3“thiotolene to bromo- 
citraconic acid, and tribromo-a-thiotolene to dibromoacetylacrylic acid.'^’* 
Piperidine^'* also eliminates sulfur from a-iodothiophenc at 200°. The 

c^i-l + 2HNCtH.o - Hr + HjS + CtHioN—CH==C=C=C!H—NOsIIio 

product is resinified by exposure to air but may be reduced by sodium 
and alcohol to tetramethylenedipiperidine. Reduction with hydriodic 
acid at 140° will remove sulfur.’^® Metallic sodium does not affect 
thiophene. 

Tests for Thiophenes. —^The reaction that led to the discovery of thio¬ 
phene is still one of the common tests for its presence. Any thiophene 
that has hydrogen atoms in the 2,5- or 2,3-positions will form an indo- 
phenine; any compound that has the grouping —benzil, 

phenanthraquinone) can replace isatin as the coupling agent. The 
product has the structure 



Formation of such products can be accomplished stepwise through an 
intermediate tertiary carbinol as illustrated with benzil below. 

” Angbli and CJumiciak, Ber., 24» 74. 1347 (1891). 

Toul, md., 28, 2217 (1895). 

** Klages wid LiScke, /. prakt . Chem,, [2] 81, 307 (1900). 
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CeHsCO « * 

I RC(0)O 

CflHaCO o: 

« CiHsS Mgl. b H 98 O 4 + HOAc. R - C«H». 


^ (rC( 0)C J^s J=)« 


The presence of a bithienyl group is proved^® by (a) reduction of the 
blue indophenine product with zinc and acetic acid and elimination of a 
benzoyl group from the leuco product to give 5,5'-dibcnzyl-2,2'-bithien3d 
by sodium ethoxide, and (b) an independent synthesis of the bithienyl 
compound. 



“ Degradation by rednction with rinc and acetic acid followed by ehinmalion of the benisoyl group 
by treatment with sodium ethoxide. 

b 8 \ nthesis by treatment of the iodo compound with copper. The iodo compound is made by 
steps which commence by a condensation of benzyl alcohol with thiophene under the influence of zinc 
chlonde, followed by mercuration of the a-bonzylthiophene with mercuric chloride, and then by replace¬ 
ment of mercury by iodine under the agency of iodine and potassium iodide. 


Licbermann^s®® test—the violet-formed blue color addition of a few 
drops of nitrous-containing sulfuric acid to a suspected benzene solution— 
is not given by all thiophene compounds. Thiotoluene produces a blue 
color, propyl- and butyl-thiophene give a blue-green color, and mono- 
chlorothiophene forms a blue color. 

The presence of sulfur may, of course, be demonstrated in other ways. 
By passage over a platinum catalyst under dehydrogenation conditions, 
the sulfur is converted to hydrogen sulfide. The latter with dimethyl- 
p-phenylenediamine yields methylene blue (see Chap. XV). A sensi¬ 
tivity of 10“® to per cent thiophene is claimed.®^ 

Special Compounds.—a-Thiophenaldehyde*® (b.p. 198®) results from 
distillation of thienylglyoxylic acid, a compound derived by oxida¬ 
tion of acetothienone. It^ undergoes all the reactions, such as the 
Cannizzaro and Perkin synthesis, that are exhibited by benzaldehyde 
or furfural. 3,4-Dibromothiophene-2,5-dialdehyde (the corresponding 
dichloro compound likewise) is made by bromination of the 2,5-dimethyl- 
thiophene (sometimes called 2,5-thioxen) and hydrolysis of the 
3,4-dibromo-2,5-di(dibromomethyl)thiophene®® product. Potassium per¬ 
manganate converts the dialdehyde readily to the dibromodiacid derivar 
tive. Strong potassium hydroxide induces a Cannizaro reaction. The 
dialdehyde, with aniline, forms a dianil, Ci 8 Hi 2 Br 2 N 2 S, the color of which 
is more intense than that of the corresponding compound in the aromatic 
series, probably because the double bonds in the thiophene ring can 

»«Liebeiimakn, Ber., 16, 1473 (1883); 20, 3231 (1887). 

Ann. chim., 12, 281 (1939); C.A., Si, 1631 (1940). 

Haisttzsch, Ber.y 24,47 (1891); Goldschmidt and Zanoli, Ubid.^ 25,2688 (1892). 

Stsinkopf and KOhlbr, ilnn., 582, 260 (1937). 
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undergo conjugation readily with bonds outside the ring. Condensation 
of the dialdehydes with diamines, such as hydrazine or o-phenylene 
diamine, yields products that may exist in macrocyclic rings.2-Ethyl- 

5- methyl-thiophene (b.p. 159.8 to 160.4°) is prepared^^ by the action of 
moist powdered potassium hydroxide on the semicarbazone of 2-methyl- 

6- acetothiophene—a modified Wolflf reduction. Unlike most thiophene 
compounds, it has a characteristically pleasant odor somewhat like that 
of p-ethyltoluene. 

2,3-Dichlorothiophene®® is obtained by a very unusual reaction. 
Hydrogen chloride is passed through a hot saturated acetic acid solution 
of 2,3-dibromothiophene-5-carboxylic acid. The two bromine atoms 
are replaced by chlorine. Carbon dioxide is then driven out of the 
molecule by a hot acetic acid solution of mercuric acetate and the resulting 
dimercuri product is then heated with dilute acid. The dichloro product 
boils at 173 to 174°. Other chloro compounds of thiophene are made by 
the more common method of direct substitution. 

3-Nitrothiophene (m.p. 75 to 77°, b.p. 225° corr.) forms no mercuric 
chloride nor indophenine compound. Reduction with tin and hydro¬ 
chloric acid gives 3-thiophenin, which is easily resinified as the free base, 
but can be isolated as the hydrochloride of the stannic chloride double 
salt (C 4 H 6 NClS) 2 SnCl 2 or as the benzoyl or acetyl derivative (m.p. 153.5 
and 146.8, respectively). 

Thiophenin,^^ ^j^e 2-amino derivative corresponding to aniline, is 
made by reduction of the corresponding niiro compound with tin and 
alcoholic hydrochloric acid. It is isolated as a double salt with stannic 
chloride. The amine forms azo dyestuffs readily with diazonium salts, but 
forms only tars and a little nitrothienol, N 02 -C 4 H 2 S- 0 H, with nitrous acid. 

a,a'-Dithienyl (m.p. 33°) results from pyrolysis^^ of thiophene in a 
red-hot tube. Some of the /S,/3'-isomer (m.p. 132°) forms simultaneously. 
The a,a'-product forms also during sulfonation^^ of thiophene with cold 
weakly fuming sulfuric acid. Treatment of a-thiophenemagnesium 
bromide with cupric chloride^® gives the same product in 44 per cent yield. 
This last method is general for coupling with the Grignard reagent,^® the 
yields with ferrous chloride, cobaltous bromide, and nickel bromide being 
nearly quantitative in the case of phenylmagnesium bromide. 

Steinkopf and Eger, Ann., 633, 270 (1937); Steinkopf, Leitsmann, MOlleb, 
and Wilhelm, ihid.^ 641, 260 (1939). 

Shepard, J. Am. Chem. Soc.f 64, 2961 (1932). 

« Stadler, Ber., 18, 2316 (1885). 

** Nahnsen, ibid., 17, 789, 2197 (1884); v. Auwbbs and Bredt, tWd., 27, 1746 
(1894). 

**Th5l, ibid., 27, 665 (1894). 

Steinkopf and Roch, Ann., 482, 251 (1980). 

Gilman and Lichtenwaltbr, J. Am. Chem. Soc., 81, 967 (1939). 
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Tetraphenylthiophene (Thionessal) (m.p. 184®), results from pyrolysis 
of thiobenzaldehyde or from fusion of stilbene with sulfur.'*^ 

Thiophthene (b.p. 225®) results when citric acid is heated with phos¬ 
phorus trisulfide. 


OH 



Thieno [3,2-6] thiophene (m.p. 54®) is the isomer of thiophthene. It 
is one of the higher boiling compounds that results from passing acetylene 
over boiling sulfur. 2 ® Its structure is shown by X-ray analysis and a 



zero electric moment. 


CONDENSED THIOPHENE SYSTEMS 


Thionaphthene Compounds. —Preparation of fused benzene-thio¬ 
phene systems is similar to many of the processes used in the synthesis of 
coumarones. Common starting points are o-substituted thiophenols 
which are readily derived from appropriate amino compounds by way 
of the diazonium salt or from halogen compounds by treatment with 
sodium sulfide. Ring closure by dehydration of a thiophenoxy deriva¬ 
tive, X—C 6 H 4 S—CH 2 COOH, completes the synthesis. Typical prep¬ 
arations are illustrated in Fig. 3. 


PV CHO (or CO 2 H) a r 

'N CHO (or CO 2 H) fr 


y 

iNNHa 1 

\SH 


Ra 


H (or OH) 
COaH 


« HNO«, KSCN + CuSCN, NasS. ^ ClCHjCOjNa followed by dehydration with UsSO* or P 2 O 6 , 


p\ NH, . r 

'N CN 6 

K “"r 


I\SCH,C0,H 1 

\ SCH,CO,H 


R:: 


NH2 

CO 2 H 


o HNO 2 . CuSOi + KCN. ^ Heat with aqueous NaOH, neutralise with ice and HCl. 

Fig. 3.—Methods^* for synthesis of thionaphthene compounds by forming the 2,3-bond. 


Thionaphthene (m.p. 32®) can be isolated from shale oil®® and is apt 
to be found in coal tar, associated with naphthalene, in the way that 
thiophene is associated with benzene. Its separation from naphthalene 
, by sulfuric acid at 90® is accompanied by considerable resinification, 

Baumann and Klett, J5er., 24, 3310 (1891). 

Biedebmann and Jacobsen, ibid., 19, 2444 (1886). 

^ (a) FriedlXnder, Ann,, 861, 390 (1907); (6) FriedlJlnder and Lenk, Ber., 

46, 2083 (1912); (c) FriedlXnper and Laske, Ann., 861, 412 (1907). 

CHAf^puNOBia and J. Cbem. Soc., 1005 (1939), 
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because this sulfur compound is similar to Coumarone and indene which 
are easily polymerized, A better method*^ is to precipitate the mercuric 
acetate derivative and then recover the thionaphthene with hydrochloric 
acid. Hydrogen peroxide in aqueous acetic acid forms also thionaph¬ 
thene dioxide. 

Chemically, this heterocyclic compound resembles naphthalene more 
than its analogue in the benzofuran series. Substitution usually occurs 
in the 3-position, corresponding to the alpha-position in naphthalene. 
Hot alcoholic mercuric chloride or aqueous acetic mercuric oxide forms 
di derivatives, C 8 H 4 S(HgX) 2 ; cold aqueous mercuric acetate forms a mono 
derivative, C8H4S(Hg02CCH3). Treatment of the mono compound 
with propionyl chloride gives 3-thionaphthenyl ethyl ketone, the same 
compound that is formed from thionaphthene, propionyl chloride, and 
stannic chloride in carbon disulfide. Oxidation of the ketone with 
potassium ferricyanide yields thionaphthenyl-3-carboxylic acid (m.p. 
174 to 175°) which is different from the 2-isomer (m.p. 114°) obtained 
synthetically as in Fig. 3. Thcvse steps constitute proof of the position 
of the substituent. 

Bromination®* also affects the 3-position. /S-Bromothionaphthene 
forms a Grignard reagent with difficulty; but in the presence of over 2 
moles of a readily reactive halide, with magnesium equivalent to the 
total halide, a yield of 70 per cent of thionaphthene-3-carboxylic acid®^ 
is obtained by carbonation of the mixture of Grignard reagents. This 
procedure is that used by Grignard for unreactive halides. 

Fuming nitric acid inserts a nitro group in the 3-position.®® Reduc¬ 
tion with stannous chloride and hydrochloric acid converts this product 
to the 3-amino compound identical with the synthetic product obtained 
by Friedlander by decarboxylation of a compound shown in Fig. 3, 
When the amine is heated with acid, 3-hydroxythiophene is produced. 
Reduction of the nitro compound with sodium sulfide in boiling alcohol 
gives the sodium salt of aci-dinitro-3,3'-(dithionaphthenyl-2,2'-tetra- 
hydride-2,3,2',3') shown below. The process is very similar to pinacol 
formation, such as occurs by a 1,4-process in reduction of benzalacetone. 

O O 

T T 

NaON NONa 

Weissoerber and Krubeb, Ber., 68, 1551 (1920). 

Lanfby, Campt, rend,j 164, 519 (1912). 

Komppa, 7. prakt. Chem., 122, 319 (1929). 

** Crook and Davies, 7. Chem. Sac., 1697 (1937). 

Fries and Hbmmeckb, 4nn., 470, 1 (1929). 
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In contrast to other agents, organoalkali metal compounds place a 
metal in the 2-position. Ethylmagnesium bromide in hot dimethyl- 
aniline forms thionaphthenylmagnesium bromide which on carbonation 
changes to the 2-carboxylic acid. Sodamide in xylene at 100 to 145° 
forms mono- and di-sodium compounds which on carbonation produce 
thionaphthene-2-carboxylic acid and the 2,3-dicarboxylic acid. This 
last compound readily forms an anhydride, which, with saturated 
ammoniacal methyl alcohol, yields both the 2- and the 3-amide deriva¬ 
tives. The former has the higher melting point (221°) and, therefore, 
separates first in 50 to 70 per cent yield; the latter melts at 193° and 
separates from the concentrated mother liquor. 

Thionaphthene-3-acetic acid (m.p. 109°) has less growth-promoting 
activity than the structurally related heteroauxin, the plant hormone. 
The synthesis used for the compound in the indole series is not applicable 
to this thio analogue, which is prepared®^ from the 3-carboxylic acid by 
the Arndt-Eistert reaction shown below. 


r\__ co^H. r\ 

.,C(0)CHN2 


.sJ 




CH 2 CO 2 H 


The starting material is prepared from 3-broiuothionaphthaleiie, mugnesium, and methyl iodide 
followed by carbonation. 

® SOCli followed by CUjNu. ** AgsO 4- alcohol followed by hydrolysis of the ester. 


Thioindigo Dyes, —Dyes of this series contain the grouping 

O O 

—c—c=c—c— 


characteristic of indigoid dyes. The number is very large, because sub¬ 
stituents in these compounds have a much greater effect on color than 
they do in indigo. Friedlander®® discovered the first member (called 
thioindigo red) of this group by use of a series of reactions patterned as 
much as possible after Heumann^s synthesis of indigo. Other methods 



• Same atepa aa ahown in Fig. 3 for preparation of the 3>hydroxy>2-carboxylic acid compound, fol¬ 
lowed by decarboxylation and proton ahift. ^ KtFeCNe. 

of preparation are (a) by action of chlorosulfonic acid on acetylene bis- 
thiosalicyclic acid®’ and (6) by aerial oxidation of t^thiolacetophenone®* 
under alkaline influence. 

FribdlXndbr, Ber., 89, 1060 (1906). 

German patent 205,324, Chem, Cent; I, 605 (1909), 

M German patent 198,509, ibid; I, 2118 (1908). 



52 


THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS 


R CX),H HOjC 
—S—CaiO—8— 



(«) 


R C(0)CH, 

SH 

(M 


Aniline and sulfur chloride'® Rive an intermediate that can be con¬ 
verted to a chloro-substitutod thioindigo. Benzenesulfonyl chloride can 



Cl 



O 

H, 


® The addition product of the reaction of aniline and Bulfur chloride is hydrolyzed and the thio* 
phenol made to react with chloroaceiio acid. ^ HNO 2 , CuCN, HsO, ring closure, and decarboxylation. 


be reduced to a thiophenol which can also be converted to a dye-forming 
intermediate by the usual set of reactions. 


Rso.a^RsH^R'^' 


« Zn + Aq-HjSOi. NaOH + ClCHaCOjH, ClSO»H or H2S04 to close ring. 


Formation of these dyestuffs may proceed by way of oxidation of one 
molecule of thioindoxyl to a diketo compound which then condenses with 
unchanged thioindoxyl. 




c=c 



• Oxidation. ^ Heaction with thioindoxyl. 


Any other diketo compound will similarly condense with the active 
methylene group in thioindoxyl. Examples are the formations of ciba 
scarlet G®® and thioindigo scarlet by condensation with acenaph- 
thenequinone and isatin, respectively, under the influence of hydro¬ 
chloric-acetic acid. 



®®Hbrz, German patent 360,690; U.S. patent 1,243,170, C*A.y 13, 227 (1918); 
Hjxon and CAtJWENBBRa, J, Am . Chem , Soc ., 53, 2118, 2125 (1930). 

•0 Gbob, Ber.y 41, 3331 (1908). 

Bbzdzik and FriedlXndbr, Mon < d 8 h.y 39^ 375 (1908); FBtnt and FriediJlnder, 
OwU, 81, 55 (1910). 
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Dyes that have a link to the 2-position of the isatin nucleus can be 
made by first preparing isatin chloride from phosphorus pentachloridc 
and isatin and than condensing with thioindoxyl. 



O 




A 


h 


Dibenzothiophene.—This compound (m.p. 99®, b.p. 333®) is con¬ 
veniently prepared (66 to 70 per cent yield) by the action of aluminum 
chloride on a fused mixture of biphenyl and sulfur.®® The synthesis of 
substituted dibenzothiophencs parallels the methods used for diphenylene 
oxide.®® 



« NaSCaHfi. SnCl 2 + HCl, HNOj, H2S04 + HjO. 



Nitrating, sulfonating, acylating, and halogenating agents attack the 
2-position; butyllithium®® introduces a lithium atom in the 4-position; 
and phenylcalcium iodide®^ forms the 3-dibenzothiophenecalcium iodide. 
Introduction of substituents into the 1-position is accomplished by indirect 
methods®® such as are illustrated with partial formulas below. Addition 


nr\ ipj 



« Brt, NHi + CuBr at 210-220®, (CHiC0)80. t Brj, IIX + H 2 O, HNO 2 , HiS04. « Mg, COa. 


of sodium in liquid ammonia yields 1,4-dihydrodibenzothiophene. All 
these reactions are reminiscent of those with dibenzofuran, save for 
nitration, which in the oxygen analogue enters both the 2- and 3-position, 
but predominately the latter, and save for the introduction of calcium 
at the 3-position of the thio compound. In addition, the thio analogue 
undergoes ready oxidation with potassium dichromate to the 5-dioxide. 
Fusion of this sulfone with sulfur restores the dibenzothiophene.®® 

•* CuLUNANB, Davies, and Davies, J. Chem. Soc.y 1435 (1936). 

Gilman and Jacoby, J. Org, Chem,, S, 108 (1938). 

Oilman, Jacoby, and Pacevitz, ibid,, 8^ 120 (1938). 

CuLLXNANE and Davies, Rec, trav, chim,, 66, (1936). 
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Problems 

1« Write equations for the preparation of the following heterocyclic compounds 
from readily obtainable nonheterocychc reagents: (a) 2-Mcthyl-4-ethyl thiophene. 
(6) 2,3-Dimethylthiophene.^^ (c) 3-Iodo-2,5-dimcthylthiopheno.«« 

2 . How would you prepare the following compounds from thiophene?•*’> (a) 

2- Chlorothiophene. (6) 2-Chloro-5-iodothiophone. (c) 2,3-Dichlorothiophene. {d) 

3- Chlorothiophene, (c) 3-Chlorothiophene-2-carboxylic acid. 

3. What is the product when the following compounds are allowed to react 

together under the conditions described? (a) 3-Methyl-l,3-pentadiene and sulfur 
at 350®.^® (h) Mucic acid and barium sulfide heated with phosphorus trisulfide.* 

(c) Thiophenol distilled with litharge.*^ (d) Styrene or stilbene heated with sulfur.** 
(c) Acenaphthene fused with sulfur.** (/) Methyl acetylenedicarboxylate heated 
with sulfur at 150 to 155° in a sealed tube.** 

4. (live a suitable sequence of reactions for the preparation of 2-ethyl-5-inethyl- 
thiophene from 2-mothylthiophene.'*^ 

3. What is the product of the following reaction? (a) 2-lodothienyl-5-mercuric 
chloride with arsenic trichloride.*® (6) Nitric acid on broniothiophene in acetic 
anhydride at 0®."^* (0 of-Thiophonesulfonic acid distilled with potassium cyanide. 

id) Thiophene stirred with succinic anhydride and aluminum chloride at 0® in nitro¬ 
benzene.'^^ (e) 2,5-Dime<hylthiophene with succinic anhydride and aluminum 
3hIoride in nitrobenzene.®* (/) Thiophene with 2,5-dichioro-2,5-dimethylhexane in 
the presence of stannic chloride.^’ (g) Dinaphthylenethiophene heated with stil- 
bene.®2 (h) A mixture of thiophene and iodine treated drop by drop with dilute 
(50 per cent) nitric acid.^^ 

6 . What product is produced from p-methoxyacetophenono by the following 
sequence of reagents?^* (a) Furfural and sodium methoxide at 0°, followed by 
gradual warming to room temperature. (6) Hot alcoholic hydrochloric acid, (c) 
Ethereal solution of diazomethane, (d) Phosphorus pentasulfide at 90 to 100° until 
no more hydrogen sulfide is evolved, (e) Hydrazine hydrate solution at reflux 
temperature. (/) Nitrous acid (sodium nitrite and hydrochloric acid) in the cold, 
(g) Methyl-alcoholic barium hydroxide at reflux temperature, followed by crystalliza¬ 
tion of the hydrochloride of the product, which has the composition CiaHuONS-HCl. 

7. Selenium has many properties that are similar to those of sulfur. Devise 
methods for synthesis of the following selenophens, the selenium analogues of thio- 
phen(»s: (a) a,a'-Dimethylselenophen (sometimes called sclonoxen).^* (b) Selenophene 
and selcnophthene.'^^ 

8. Devise a sequence of reactions for the preparation of 5-hydroxythionaph- 
^ thene^* from o-chlorobenzaldehyde. 

** iSteinkopf, Poulrson, and Herdey, Ann., 586, 128 (1938). 

*'^ CuLLiNANE and Padfield, J. Chem. Soc., 1131 (1935). 

** Baumann and Fromm, Ber,, 30, 110 (1897); Michael, ihid,^ 28, 1633 (1895). 

«*Finzi, Gazz, chim. Hal, 62 , 244 (1932); C.A., 26 , 4329 (1932). 

Babasinian, J, Am. Chem. Soc., 57, 1763 (1935). 

Douglas, Ber., 25, 1311 (1892); Meter and Kbeis, ibid ., 16, 2172 (1883), 

Fibsbr and Kennelly, J, Am. Chem. Soc,, 57, 1611 (1935). 

Bruson and Kroeger, ibid ,, 62 , 36 (1940). 

Datta and Chatterjbe, tbid ., 39, 435 (1917). 

7* Robinson and Todd, J. Chem. Soc., 1743 (1939). 

« Paal, Ber., 18, 2255 (1885), 

^^Umezawa, Bull, Chem. Soc, Japan, 14, 363 (1939); C.A., 84, 1309 (1940),^ 
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9. Write the reaction and name the product for each step in the following series 
of reactions: (a) Ethyl ^carbethoxylevulate, CH8C(0)CH(C02Et)CH2C02Et, 
is dissolved in alcohol, which has been saturated with dry hydrogen chloride at 0®, 
and is treated for 12 hr. with a stream of hydrogen sulfide. (6) The product 
from (a) is refluxed 4 to 6 hr. with barium hydroxide solution and the solution is 
then acidified with hydrochloric acid, (r) The product from (6) is dissolved in a 
minimum quantity of alcohol saturated with dry hydrogen chloride at 0® and is 
treated with an alcoholic solution of benzaldehydo to give a compound with the 
empirical composition C2aH2406S2. (d) The product from (b) is treated with hydro- 
bromic acid at 0® and the mixture is then allowed to warm to room temperature for 
1 hr. (e) The product from (d) is dissolved in an alcoholic solution of o-nitrobenzalde- 
hyde, and is treated with a few drops of alcoholic hydrogen chloride. This product 
gives no coloration with ferric chloride and has the empirical composition Ci 3 H 908 NS.^* 

10. Write the reactions and name the products obtained for each step in the 
following sequence^® of reactions, which starts with ethyl phenylglyoxalate: (a) 
Thienylmagnesium iodide, (b) Concentrated sulfuric acid, (c) Zinc in boiling 
acetic acid, (d) Alkaline hydrolysis followed by acidification, (e) Heating with cop¬ 
per and quinoline to give C 22 H 18 S 2 . 

11. How would you prepare a thioindigo dye from p-cymene?*^® 

12. 3-Hydroxythionaphthene should be able to exist in both an enol and a keto 
form. What reagents would be used to test this question?^® 

13. What is the product of the reaction of dibenzothiophene with s\iccinic anhy¬ 
dride and alufhinum chloride suspended in a mixture of tetrachloroethane and 
nitrobenzene?*® 

14. Devise a method for the synthesis of 5-hydroxy-2-m ethyl thiophene from 
nonheterocyclic compounds.*® On treatment of this product with ferric chloride 
in alcohol, dark-colored crystals result which are brownish black with a greenish 
luster after recrystallization from benzene. The molecular weight and analysis 
show the formula to be C 10 H 8 O 2 S 2 . What is the probable structure of the compound? 
Would the original thiophene compound react with acenaphthenequinone under the 
influence of hydrochloric acid? 

16. o-Thiolbenzoic acid, added to a cold mixture of chlorosulfonic acid and malonic 
acid, yields a colored compound, Ci6H802S2. What is the probable structure of the 
compound and what are the steps in its formation? What would be the product of 
the reaction of o-thiolbenzoic acid with ethyl acetoacetate under these conditions?*^ 

Mitra, Chakrabarty, and Mitra, /. Chem. Soc., 1116 (1939). 

^®v. Auwers and Thiks, Her., 63, 2285 (1920). 

*®Steinkopf and Thormann, Ann., 640, 1 (1939). 

Hutchinson and Smiles, J. Chem. Soc., 101, 570 (1912). 



CHAPTER IV 
PYRROLES 


Pyrroles are widely distributed in nature, chiefly in porphyrins and 
like compounds. The parent member, pyrrole, was detected in 1834 by 
Runge,^ who noticed that a pine splinter moistened with hydrochloric 
acid became a fiery red when exposed to vapors from the distillation of 
(?oal tar, bones, and horn. Hence the name pyrrole, from the Greek 
word for fiery red. It was not until 1858 that the compound was 
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-Naming, numboring, and formulas of pyrrole compounds. 


obtained pure and analyzed. ^ Shortly afterward, its synthesis was 
accomplished* by the dry distillation of ammonium mucate. Except 
for the addition of glycerol to prevent caking and to reduce loss of 
ammonia, this method is used today.^ 

Methods for Synthesis*—^The wide variety of preparative methods 
may be classified into five large groups, depending on the sections to be 
joined. In the approximate order of importadoc, these metliods are 
shown below with dotted lines to indicate bonds that must be formed: 


(a) 



or 



Appropriate 14 -diBubstituted compountde ttuoh aa dtketones* 
ketb acids, diamines, amino-halogen oompouads* 


1 Rttnob, Ann. Phyaik [2], 81, 67, 74 (1834). 

* Akosrson, Ann., 105, 849 (1858). 

« ScftWAOTBT, ibid*j 116, 270, 278 (1860). 

* GoiJOSCHMijirr, Z. Chem., 8,280 (1867); McElvain and Bollioise, Ory. 
OoU. Vol, I, 468 <1982). 
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(h) 



(c) 

(d) 




/3-Koto esters or diketones with a-aminoketones. 


«-Keto enters, aldehydes, and aitiines. 


ot-OhloroeHtois, «-keio enters, ainl amines. 


(e) 



or 



Five or six-membcred liugs that can be conveitod to pyrroles. 


From 1,4:-Disubstituted Compounds. —The first of these methods 
includes the widely used Paal-Knorr synthesis, named from the inde¬ 
pendent discoveries of PaaP and Knorr.® The possible steps in this 
reaction are illustrated below by the conversion of y-diketones to pyrroles 
when heated with ammonia. The process is capable of wide applica¬ 
tion. Succinaldehyde and ammonia give pyrroleacetonylacetone, 

H H 

— C — V — a -C- 

4 , 4-4 

O 0 OH 

® Enolisation. * CoudonBation with tiu* amine. 



CH 3 C( 0 )(CH 2 ) 2 C( 0 )CH 3 and ammonia (in the form of ammonium 
carbonate) at 115® give 2,5-dimethylpyrrole;® and succinyldiacetic ester, 
Et 02 CCH 2 C( 0 )CH 2 CH 2 C( 0 )CH 2 C 02 Et, warmed with an aqueous solu¬ 
tion of methylamine, precipitates a quantitative yield of 1-methylpyrrolc- 
,2,5-diacetic ester.® The last named compound is especially important 
as a first step toward making eegonin. Hydroxylamine,® glycine,^® 
hydrazine, and phenylhydrazine^^ may be used in place of ammonia and 
primary amines. Hydrazines sometimes cause the formation of pyri- 
dazines as well as pyrroles. 

Under the broad title of this section are included combinations that 
lead to pyrrolines, pyrrolones, pyrrolidines, and pyrrolidones (see Fig. 2). 

From fi-Keio Esters or Diketones and a-Aminoketones. —This second 
type of synthesis originated from Knorr^s^® work on the reduction of an 
isonitroso ketone by zinc and acetic acid in the presence of ethyl aceto- 

« Paal, Ber., 18, 367 (1885). 

■ Knobe, ibid., 18, 302, 1668 (1885); Ann., 236, 290 (1886). 

’ Habbibs, Ber., 34, 1488 (1901). 

* Young and Allen, Org. Syntheses, 16, 25 (1936); Coll, vol, II, 219. 

® WillstXtteb and Pfannenstiel, Ann., 422, 14 (1921); B.R.P. 346,890. 

(a) Knobb, Ann., 236, 290 (1886); (5) Paal and Schneider, Ber., 19, 3156 
(1886). 

w Kobschun, tlrid., 87, 2183, 2192 (1904), 

Eeissebt and Engel, ibid., 88, 3281 (1905). 

w Knobb, ibid., 17, 1636 (1884); Ann., 236, 317 (1886). 
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acetate, as shown in the preparation of Knorr’s pyrrole below. Con- 


CH,CO „ CHaCO r CH,CO 

:(!’H 2 Et02ci=N0H — EtOsC(^NH 2 


EtOjCCHs 


H 


CUsj-jGOaEt 

H 


«HNOa. Zn -f* HOAc. Tho intermediate aminoketone condenses with a molecule of the 
ketoester. 


version to an aminoketone occurs in the first stage. Indeed, it has been 
shown^^ that better yields are obtained if the aminoketone is prepared 
separately and then condensed with the jS-diketone or keto ester. Acetic 
acid usually suffices to effect this condensation, but strong alkali may be 
used, particularly if the mixture is allowed to stand for several days or 
even months. Alkali, in fact, Avill causc^® butanone-2 to condense with 
ethyl oxalacetate, whereas acetic acid will not. 
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Fig. 2.—Structural diagrams that illustrate combinations for syntheses of reduced 
pyiTole systems from l,4-di8ubatituted compounds. The hydrogen atoms eliminated are 
shown by H. R represents hydrogen, alkyl, aryl, or other common groups. 


Isonitroso compounds are readily prepared by the action of nitrous 
acid on methylene groups activated by an adjacent carbonyl group. 
Ac^one,‘^ ethyl methyl ketone,*® acetophenone,*® ethyl acetoacetate,*® 
acetylacetone,*® acetone dicarboxylic ester,*® and oxatacetic ester*® 
readily form such products. Knorr's s 3 mthesis is capal^ therefore, of 
extensive use. The use of a dioxime of a l,2-diketone*‘ with ethyl 
acetoacetate is in many ways an equivalent method. 

*® Knobr and Lanob, Ber., 86, 2998 (1902). 

(a) PunvT tt&d BLOuiiB, HM., 46, 3749 (1912); (6) Piloit ead Hanaa, Am., 
896, 63 (1913), 

»Tbbi^, Md., 684, 285 (1926). 
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CH,C-=NOH HjCCO,Et 
CH,([!=NOH oicH* 

« Zn dust + HOAc. 


CHs COaEt 
H 


From a-Ketopropionic Acids, Aldehydes, and Amines. —This syn¬ 
thesis is illustrated below with pyruvic acid. The yield of the diketo- 

HsO—— " —00 If2j-10 

RCHO 

HsNOeH, ^ C«H, 

pyrrolidine*^ is reduced by siniiiltaneous formation of a dihydroquino¬ 
line (Dobner synthesis, page 264). Combinations that have been used 
effectively in this class have been composed of keto acids such as pyruvic 
acid, phenylpyruvic acid, and oxalacetic ester; aldehydes such as benz- 
aldehyde, furfural, piperonal, cinnamaldehyde, and salicylaldehyde; and 
anilines such as aniline, toluidine, p-aminoacetophenone, p-aminobenzoic, 
and arsanilic acid. 

From Chloroacetones, ^-Keio Esters, and Amines. —This method, 
devised by Hantzsch,*® produces not only a pyrrole but a furan compound 
as well. The substituents, however, are not in the same relative positions 
in the two types of product»s (compare with page 3). The pyrrole 
synthesis is probably preceded by the formation of an i ntermediat e 
j8-ami nocro tonic acid, since /3-keto esters and amines form such com¬ 
pounds readily.*’® T he hydrogen for the hydrochlor ic acid eliminated 
in jgyrrole formation then epmes from the methylene groupjfv^hjeh is made 
active by the adiacent carboalkoxy group; but in furan formation, the 
hydrogen comes from the active hydrogen in the enol^ form of the keto 
ester. 

H2CCI HjCC^OjR 

GH.io OCCH, CH. 

HjNR 



From Ring Compounds. —Examples of this method of synthesis are 
shown in Fig. 3. Furans are converted to pyrroles by amines over 
aluminum oxide^® at 450®; lactones are readily changed to lactams, and 
these in turn are reduced by sodium and amyl alcohol to pyrrolidines; and 
succinimides*** are reduced to pyrroles by distillation over zinc dust or, 
better, by reduction with sodium and alcohol, catalytic (Pt) hydrogen, 
or electrolytic hydrogen. 

i^Bobschb, Ber ., 41, 3834 (1908); 42, 4072 (1909). 

Hantzbgh, ibid ., 28, 1474 (1890). 

‘•Koksohtjn, ibid ., 86, 1125 (1906); Feist, ibid ., 38, 1638 (1902), 

JunjOBw and Rakitin, ibid ., 69, 2492 (1936). 

KotiUSUB, Nitrogen Ring Compounds,'' p. 47, Ernest Boim, Ltd., Jjondon,' 1924. 
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« AlsOs + RNH 2 + heat. ^ NHj. ‘ Na 4* EtOII. ^ NHs. ^ Zinc dust and heat. 

Fig. 3. —Synthesis of pyrroles and pynolidines from oxygon-containing compoujids. 


Exhaustive methylation has been applied also as a step in the con¬ 
version of a piperidine to a pyrrolidine. The process (see Fig. 4) is 
equivalent to formation of a 1,4-disubstituted compound. This method 
is applicable to 3- but not to 2-alkylated piperidines. 



« Exhaustive methylation CHce imge 307). ** Addition of HCl to douhlo bond followed by intra¬ 

molecular salt formation. <■ Distilled \^ith concurrent loss of C'Hjt'l. 

Fig. 4.—Q^nversion of a pipetidiue to a pyirolidiue. 


Reactions of Pyrrplech —behavior of pyrroles is greatly 
influenced by the prftilieP ik m group, which sometimes acts as 

an imino phenol and at other times acts as if it were part of an imine- 
ketimine system, like the enol-keto system in ethyl acetoacetate, 
but with an additional vinyl group. In addition, some reactions 
typical of a butadiene or unsaturated system occur, and the presence 
of a functional group within the ring facilitates ring opening. As usual 
when so many reactive units are grouped under one roof, the properties 
that characterize each system are affected by neighboring types. The 
net result is a behavior that can be considered typical for pyrroles but 
with many evidences of the individual patterns that belong to the simpler 
systems. 

Acidic and PhenoUlike Properties .—Formation of metallic derivatives 
of pyrrole is obviously more difficult than in the case of phenol, sinoe the 
acid dissociation constants are different, ® and respec¬ 

tively. '-Metallic potassium in petroleum ether liberates hydrogen form¬ 
ing* pyrrylpotassiuin?- Sodium does not similarly attack pyrrole itself, 
but does form a sodium salt with 2,4-dimethyl-3,6-dicarbethoxypyrrole.*^ 

» 2* Mbblinq, Ann., 264, 310 (1891); Jacobi and Merlino, 278, 8 (1894). 

CoawiN and Quattusbaum, J. Am. Chem. Soc.^ 68, 10^ (19^)* 
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Salts are made by fusing pyrrole with sodium or potassium hydroxide. ^ 
In liquid ammonia, the potassium, sodium, calcium, magnesium, and a 
number of other derivatives can be prepared. Pyrrylpotassium^® and 
carbon dioxide at 200 to 220° give 2- and 3-pyrroIe carboxylic acid, a 
reaction that recalls the familiar Kolbe synthesis. The Reimer-Tieman 
synthesis of aldehydes from phenols by the use of chloroform and alkali 
is of limited applicability, the chief reaction being a ring enlargement to 
jS“Chloropyridine. 

At moderate temperature, metal salts form N-acyl and N-aroyl 
derivatives^^ with acetyl or benzoyl chloride and the N*methyl corn- 
pound^*^ with methyl iodide. Ethyl iodide gives an N-ethyl product 
together with some 2-ethyl or 1,2-diethylpyrrole.^^ If these reactions 
are carried out at higher temperatures (150 to 220°), substitution occurs 
on a 2- or 3-carbon atom. This result is not necessarily a consequence 
of a rearrangement of an initially N-substituted product for the tem¬ 
perature at which N-alkyl or acyl derivatives rearrange is usually higher 
(200 to 270°). 

v<; ^hen pyrro le is treated with methylmagnesium iodide, one equivalent^ 
of hydrogen is OToIvedT® If the N-pyxrylmagne siTim iodide so formed is 
treated with methyl iodide, the product is largely 3-methylpyrrole with 
a little of the 2-isomer. Absence of N-methylpyrrole is proved®^ by 
a test for active hydrogen with ethylmagnesium bromide or metallic 
potassium. Only pyrroles with N-hydrogen form Grignard reagents, 
but these N-pyrrylraagnesium halides give C-alkyl products when treated 
with an alkyl halide. The group enters the 2- or 5-position unless these 
places are blocked, except in the case of methyl iodide, where the methyl 
group enters the 3-position. Carbon dioxide and benzoyl chloride 
likewise yield a C 2 -derivative unless blocked there. Ethyl chloro- 
formate gives 1,2-dicarbethoxypyrrole,®® because the first carbethoxy 
group makes the imino hydrogen so acidic that an interchange of mag¬ 
nesium from one nitrogen to another occurs during the reaction. 

Franklin and Borgstrom, Chem, Rev., 16, 305 (1935). 

CiAMiciAN, MonaUh., 1, 624 (1880); Ciamician and Silber, Ber., 17, 1438 
(1884). 

Bamberger and Djierdjian, ibid.^ 33, 536 (1900), 

Ciamician and Dennbtedt, ibid,, 16, 2348 (1883). 

** Ciamician and Dennstbdt, ibid,, 17, 2944 (1884). 

*®Oddo and Mameli, Gazz. ital. chim., 43, II, 504 (1913); Hess and Wissing, 
Ber„ 47, 1416 (1914). 

Oddo, Gazz, chim. ital., 39, 1, 649 (1909); Gilman and Heck, J. Am. Chem. Soc,, 
62, 4949 (1930). 

« Oddo, Gazz. chim. ital, 44, 1, 706 (1914); Ber., 47, 2427 (1914). 

** CoLAOiccHi and Bertoni, AUi. accad. Lincei, 21, II, 450, 518 (1912); C.A., 7, 
1183 (1913). 

SiONAiGO and Adku^s, J. Am. Chem. Bee., 68, 1122 (1936). 
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Imine-ketimine System ,—Many of the above-mentioned reactions of 
these magnesium derivatives and indeed of some other organometallic 
pyrrole compounds are reminiscent of those which occur in the familiar 
enol-keto tautomerism of the acetoacetate type in which the metal on 
the oxygen atom forms C- or 0-derivatives depending on the reagent 
employed and on other conditions of the reaction. The complete struc¬ 
tural similarity between pyrrole and a hypothetical keto ester with one 
vinyl group is pictured below. When the sodium salt of ethyl aceto- 
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acetate is treated with an alkyl halide, the alkyl group becomes attached 
to the carbon atom second from the oxygen. If a vinyl radical is intro¬ 
duced in the chain, the alkyl group should become lodged on the fourth 
carbon from the oxygen atom according to the principle of vinylogy.*^ 
Similarly, the simplest imine-ketimine change in pyrrole would lead to 
alkylation at Cs, and this expectation is realized when the alkyl is a 
methyl group. By the principle of vinylogy, however, the substitution 
should take place one more vinyl group distant, or at Cb, and this expec¬ 
tation is realized with all alkyl groups except methyl. Viewed in this 
light, the common alkylation of pyrrylmagnesium halide at C 2 is really 
a substitution at Cb or at the end of a vinyl chain. If the 4- and 5-posi¬ 
tions are blocked, as in indole, the vinyl chain is shortened and the alkyl 
groups always enter the 3-positions. 

A tautomeric change is shown also by the reaction of amyl nitrite 
with pyrrole in the presence of sodium ethoxide. The sodium salt of the 
isonitroso compound is formed, but on acidification, the nitroso form is 
recovered. If the system is stabilized by weighting it in the alpha posi¬ 
tion with a phenyl group—a standard practice, indeed, for isolating an 
unstable form or for slowing down a change in a tautomeric system—the 



H 


« C»HtiONO + NaOEt. > HX. 

FtrsoN, Chem, Rev,f 16, 1 (1935). 
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free acid can be isolated. The formation of isonitroso-derivative of the 
analogous acetoacetate compounds has already been mentioned in con¬ 
nection with the Knorr synthesis. Although a hydrogen atom can move 
readily between nitrogen and carbon in this tautomeric system, and alkyl 
and other radicals can switch from nitrogen to carbon under thermal 
impulse, there is no indication that a metal can change in a similar way. 
Barely more than one equivalent of magnesium from methylmagncsium 
iodide can be introduced even under strenuous conditions.®® The for¬ 
mation, therefore, of 2 -alkyl derivatives from the reaction of pyrryl- 
magnesium halide with alkyl halide appears to result from simultaneous 
changes®® that involve neither N-alkyl nor C-MgX as intermediate steps. 
Some formulation similar to that proposed by Michael®® for the reactions 
of ethyl acetoacetate or some principle of resonance may offer a con¬ 
venient picture of the reaction mechanism. 

Substitution in the Pyrrole Nucleus .—Substitution occurs readily in 
pyrroles probably because of the activating influence of the iminophenol 
group. The ease of substitution is as great as or greater than in phenols; 
and the directing influence is to the alpha positions, if unoccupied, as 
would be expected in a phenol. Acetic anhydride at 240 to 250® gives 
the monoacetyl and the 2,5-diacetyl derivative. If the 2- and 5-positions 
are blocked, as in 2,3,5-trimethylpyrrole, acetylation, under the influence 
of aluminum chloride, occurs in the 4-position.®^ Acetonitrile and hydro¬ 
gen chloride yield a ketimine®® chlorohydrate, which in turn is hydrolyzed 
to an acetyl derivative. Similarly, dry hydrogen cyanide and hydrogen 
chloride, without a catalyst, give the formamido chloride,®® C 4 H 4 - 
N*CH—NH-HCl, which is hydrolyzed by alkalies to the aldehyde. 
Chloroacetonitrile introduces the acetonitrile group w’^hich can be hydro¬ 
lyzed to the acid. 

Such substitutions provide intermediates for the synthesis of many 
pyrrole derivatives. For example, the aldehyde group forms an unsatu¬ 
rated product with malonic ester, which, by conventional changes, such 
as hydrolysis or reduction with decarboxylation, can be converted to an 
acrylic or propionic acid derivative, respectively. Acetyl and formyl 
substituents are reduced (Wulff-Kizhner) readily to alkyl radicals. 
Chloroacetonitrile can also be used as a first step for the preparation of 
an acid by hydrolysis or an amine by reduction. 

Pyrroles undergo an unusual reaction when heated with sodium 
alkoxides at 225®. Hydrogen atoms, acetyl groups, or carbethoxy 

**SiDaBWiCK, '^Chemistry of Nitrogen Compounds,^' Clarendon Press, Oxford 
University Press, New York, 1937. . 

Michael, Ber., 38, 3217 (1905); Paal, iUd., 89, 1436 (1906). 

Fischer and Schubert, Z. Physiol. Chem.y 166, 109 (1926). 

Fischer, Weiss, and Schubert, Ber., 66 , 1196 (1923), 

Fischer and Zerwece, ibid.j 66, 1942 (1922). 
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radicals are replaced by the alkyl of the alkoxide/® as shown below. Had 
sodium methoxide or propoxide been used in the reaction illustrated, the 
methyl or propyl radicals would have been introduced. 

CH3| — |C;0CH3^ CHa.--- -raHs 

JcHa 

H H 

« NaOCaHs at 225®. 

Pyrroles can be coupled with aromatic diazotized amines in the alpha 
position, or, if the alpha is blocked, the beta position. Reduction of the 
azo dye with platinum and hydrogen is one of the best preparative 
methods for aminopyrroles.^^ 

Ln J IxnJn-nr ICn Jnh, 

n H H 

« RNaX. ^ Reduction. 

Nitration and sulfonation are of limited use with pyrroles because of 
their sensitivity to strong acids. Nitric acid destroys the parent com¬ 
pound, but nitrates pyrroles that have a carboxyl, acetyl, or halogen 
group.^^ To obtain the mononitropyrrole, advantage may be taken of 
the formation of the sodium salt of /3-nitronic acid, which is prepared from 
the action of ethyl nitrate and sodium on pyrrole. The nitropyrrole*® 
is liberated from the sodium salt by carbon dioxide. 

Nitro groups retain the capacity, exhibited in the furan and thiophene 
series, of displacing other groups besides hydrogen. An acetyl radical 
is particularly susceptible to removal. For example, 2,4-dimethyl-3- 
carbethoxy-5-nitropyrrole^^ is formed when concentrated nitric acid 
attacks 2-4-dimethyl-3-carbethoxy-5-acetylpyrrole. Formyl groups arc 
similarly affected. Methyl groups have sometimes been replaced, while 
carbethoxy groups remain attached. For example, 2,4-dinitro-3,5- 
carbethoxypyrrole^^ results from the nitration of 2,4-dimethyl-3,5- 
dicarbethoxypyrrole. 

Sulfonation with concentrated sulfuric acid is impractical, but chloro- 
sulfonic acid may be used. As usual, the action of such a strong agent 
is b^t accomplished when a carbethoxy group is already present in the 

Fischer and Rose, Z. physiol. Chem,, 87, 38 (1913); Fischer and Barthol- 
omXus, ibid.^ 80, 6 (1912); CoiiACiccHi and Bertoni, Atti. accad. Linceif 21 , 1, 653, II, 
450, 518; CA 7, 1183 (1913). 

« Fischer and Hbpp, Ber., 19 , 2251 (1886); Fischer and Rothweiler, ibid,^ 56 , 
512 (1923). 

« CiAMiciAN and Silber, ibid.j 18 , 1456 (1885); 19 « 1078 (1886). 

Angeli and Alessandri, Alti accad. Lined [IJ, 20 , 311 (1911); (7.A., 5 , 3403 
(1911); Angbli, Ber,, 67, 834 (1924). 

Fischer and Zbrweck, ibid., 66, 1949 (1922). 
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molecule, as witnessed by the conversion of 3,5-dimethyl-2-carbethoxy- 
pyrrole to 3,5-dime thy l-2-carbethoxypyrrole-2-sulfonic acid.‘‘® 

Halogenation proceeds mth vigor. Chlorine produces an unstable 
tetrachloride, but the milder acting sulfuryl chloride in ether at zero 
degrees gives a mono alpha product.'*® The 2-methyl group is readily 
substituted also as shown by formation of 5-hydroxy-2(trichloro- 
methyl)-4-methyl-3-carbethoxypyrrole^^ from 5-hydroxy-2,4-dimethyl- 
3-carbethoxypyrrolc. 

Bromine likewise forms a tetrabromopyrrole. Substituted pyr¬ 
roles can be brominated, even to replacement of an acetyl group. 
Side-chain bromination occurs also, as illustrated by the formation 
of 2(bromomethyl)-4-methyl-3-bromo-5-carbethoxypyrrole from 2,4- 
dimethyl-3-acotyl-5-carbethoxypyrrole. If bromine is allowed to react 
with ammonia or potassium thiocyanate in the presence of a pyrrole, 
the bromothioeyanate (BrSCN) so formed causes introduction of the 
thiocyano groups® in either the alpha or beta position. 

So readily docs substitution occur that tetraiodopyrrole is formed 
from pyrrole and iodine-potassium iodide solution. The product is 
called lodoP® and is used therapeutically for the same purpose as is 
iodoform. 

Chloromethyl or bromomethyl groups can be converted to aldehydes 
by way of an anil.®^ Dichloro- or dibromo-methyl groups can be hydro¬ 
lyzed to an aldehyde. 


PCH2Br A PCH2NH(I.H6 PCH^NCoIU P(^HO 

P =» pyrrvl residue. 

« CaHsNHa. ^ KMnO*, PbNOa, or CrOa. ^ HaO }- HX. 

A large excess of sulfuryl chloride or bromide will introduce®^ a halogen 
atom on the pyrrole ring. This reaction is common in the dipyrryl- 
methene preparation described in the next chapter. 

Addition Reactions ,—Triphenylmethyl adds across the butadiene 
system of pyrrole and yields 2,5-bis(triphenylmethyl)pyrroline®® in the 
same way that it adds to isoprene. Since maleic anhydride forms 2-pyr- 

Pbatesi, Gazz, chim. ital., 66, 43 (1935). 

Mazzara and Borgo, ibid., 36 , 1, 477 (1905); Mazzara, ibid., 32 , tl, 315 (1902). 

Fischer and Adler, Z. physiol. Chem., 197 , 269 (1931). 

Fischer and Scheyer, Ann., 434 , 237 (1923); Fischer and BartholomXus, Z. 
physiol. Chem., 87, 255 (1912). 

Kaufmann and Oehring, Ber., 69 , 187 (1926). 

CiAMioiAljf and Dbnnstedt, ibid., 16 , 3582 (1882); Ciamician and Silber, 
ibid., 18 , 1766 (1885); 19 , 3027 (1886). 

Fischer and Ernst, Ann., 447 , 139 (1926). 

Fischer, Sturm, and Friedrich, ibid., 461 , 244 (1928). 

CoNANT and Chow, J. Am. Chem. Soc., 66, 3475 (1933). 
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rolesuccinic acid/^ the triphenylmethyl reaction is a more sensitive test 
for diene character in this instance than is the familiar Diels-Alder 
reaction. 
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o^U -CH|c08H 

^ iHsCOjH 


Acetylenedicarboxylic ester behaves as does maleic anhydride, but 
in this case, a reactive diene system is created which reacts normally 
with a second molecule of the ester. Proofof these steps is given by 
bromine oxidation, hydrolysis, and decarboxylation of the product to the 
known N-methylindole. The dicarboxylic ester also adds to two pyrrole 
nuclei to form the dipyrrylsuccinnic acid derivative PCH 2 (C 02 R)CH 2 *- 
(C02R)P where P is the N-methylpyrrole. 



\C^^CHC^02R 

(^OaK 


CO 2 R 

^NA^H(K)aR 

Clh CO 2 R 


® Methyl aoetylenedicarboxylate. 1,2-Addition. ^ Methyl acetylonedioarboxylate. 


1,4-addition. 


Reduction of pyrroles may be partial or complete. Zinc dust and 
acetic or hydrochloric acid generally put hydrogen in the 2,5- positions 
(1,4 addition to a diene) to yield a A^-pyrroline.^® 

A^-Pyrrolines occasionally result by reduction, but usually must be 
obtained by synthesis. Reduction with red phosphorus®^ and hydriodic 
acid or with catalytic hydrogen over platinum oxide®*^ or nickel®® gives 
the tetrahydro (pyrrolidine) compound. Pyrrolidines are obtained 
also by reduction of lactones and succinimides with sodium and boiling 
amyl alcohol®® or electrolytic hydrogen.®® 

When hydrogen chloride is passed into ah ethereal solution of pyr¬ 
role, a tripyrrole, (C 4 H 6 N) 8 *HC 1 , precipitates, which is isolable as the 
ferricyanide complex.®^ After many days in cold acid, an amorphous 
orange red material, called “pyrrole red,'^ forms. The composition®^ of 

D 1 EI 4 S and Alder, Awn., 490 , 267 (1931). 

Diels and Alder, 490 , 267 (1931); 498 , 1 (1932). 

CiAMiciAN, Her., 87 , 4244 (1904); Willbtatter and Hatt, ihid.^ 46 , 1477 (1912). 

Knorb and Rare, Rer., 34 . 3498 (1901). 

68 PuTOKHiN, /. Ricss, Phys, bhem. Soc,y 62 , 2216 (1930); CA 26 , 3995 (1931). 
•’Fischer and Orth, '‘Die Chemie des Pyrrols,'* Vol. I, p. 323, Academische 
Verlagsgescllschaft m.b.H., Leipsig, 1934. 

’’Spath and Breusch, Monatsh.y 60, 349 (1928). 

Fischer and Orth, op, cit, p. 24. 

Fischer and BartholomXus, Z, phyml, Chem,^ 8 $, 50 (1913). 
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this product is unknown. Unilaterally substituted pyrroles form dimers. 
Steps patterned on a diene addition mechanism have been proposed for 
this reaction. Such dipyrroles®® may be distilled unchanged or con- 



« HX in diy ethereal solution. H2SO4 causes loss of ammonia. 


verted to indoles by loss of ammonia. Otherwise they are depolymerized 
by heat. They form salts with acids and methiodides, reactions that are 
practically unknown with pyrroles. A dihydropyrrole unit may, there¬ 
fore, be present. 

Ring Opening. —The cyclic imide character of pyrroles suggests the 
possibility of ring opening by aqueous alkali, and the simultaneous 
presence of hydroxylamine permits fixation of the dialdehyde product 
as the dioxime.®^ Alkyl groups facilitate this cleavage. Phenyl, acyl, 
and carboxyl gro\ips retard and sometimes stop the reaction. Hydroxyl- 


u 


H2O—CH2 

hI: +NH, 

HON NOH 


3 H in Ihe presence of H2NOH. 


amine is unnecessary in the case of pyrrole-2,5-dipropionic acid,®® the 
diketone from which is stable. 

Ring opening by acid, as in the furan series, is not in general possible 
with the pyrroles. A very few compounds, such as 2-hydroxy-3,5- 
dimethyl-4-carbethoxypyrrole®®—this compound can, however, be 
considered as a lactam also—can be opened by this agent. 

Pyrroles can be reduced to pyrroline and pyrrolidines and then con¬ 
verted to the benzoyl derivative. On treatment with phosphorus 
pentabromide, benzonitrile is eliminated and the corresponding dibromide 
formed. The reaction is a preparative method for dibromides. 

Ha, - iHa PBriHaC—CHa 

-, J J + CeHfiCN 

H2kN.^H2 HaC CHa 

C( 0 )C,H, S'" 

Allen, Gilbebt, and Young., J. Org , Chem ., 2 , 235 (1937). 

Ciamioian, Ber.f 87, 4200 (1904). 

DiEiiS and Alder, Ann., 486 , 221 (1931). 

Fischer and MOlleb, Z . phyaioL Chem., 182 , 74 (1922); Duden and Heynsius, 
Ber ., 84 , 3054 (1901). 
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Pyrroles are readily oxidized to succinimides®^ by chromic oxide in 
sulfuric acid. This method is valuable in the determination of struct\ire, 
because the corresponding maleic acid can be prepared independently. 
If bromine water is employed as the oxidizing agent, the product is dibro- 
momaleic imide. Nitric acid and lead dioxide have also been used. Air 
in the presence of light and moisture forms suecinimides. 

Tests for Pyrroles. —The earliest tost for pyrroles was the fiery rod 
color produced on a pine splinter moistened by hydrochloric acid. The 
intemsity and shade varies with the compound tested. The color is 
caused by aldehydes present in the wood which combine with pyrrol(‘s 
which have a free methine group.i,4-Dimcthyl-3,5-diethylpyrrole 
and other tetra-substituted compounds give no coloration. The action 
is not specific for pyrroles, since indoles and methyl homologues of furan 
respond positively.®® 

This pine-splinter test has been used to show the presence of pyrrole¬ 
forming products, probably levulinic acid, in rubber. If oxidized or 
aged rubber is heated carefully Avith fused ammonium acetate and then 
distilled with steam, the distillate will give a positive test. The deter¬ 
mination is made quantitative by comparison of the color with a set of 
standards.^® 

Ehrlich^^ noticed that certain samples of urine gave an intense i-ed 
color with p-dimethylaminobenzaldehyde. I’his reaction is caused by 
the presence of pyrroles and is given by all pyrroles^- with an unsubsti¬ 
tuted alpha position. Tetrasubstituted pyrroles with an ester or carboxyl 
group in the alpha position will develop the color w'hen heated. The 
reaction is partially successful with compounds that have a free b(4a 
position. Since phloroglucanol, pyrogallol, orcinol, and resorcinol also 
show the Ehrlich test, their absence must be ensured. 

The characteristic absorption bands produced in the Ehrlich test 
are the same as those showm by certain dipyrrylmethanc^® compounds 
and by some pyrrylphenylmethanes. Among the latter is the yellow 
product, pictured below, which can be isolated as a crystalline salt. 
When treated with dilute acid, it becomes red; with concentrated acid it 
becomes colorless. The result suggests the structure of the colored com¬ 
pound in the Ehrlich test. Phthalic anhydride forms either a pyrrolcn- 

*^Planoher and Cattadori, Atii a(cad. Linceij 13 , I, 489 (1904); Chern. Zentr., 
II, 305, (1904). 

Erdmann and Erdmann, Ber,^ 32 , 1218 (1899); 36 , 1859 (1902). 

Rbichstein, Helv, Chim. Acta^ 16 , 1110 (1932). 

Temple, Cad well, and Mead, Jr., Ind. Ert^. Chein,^ Arial, Ed., 2, 377 (1930). 

Ehrlich, Med. Woeke, 151 (1911). 

^‘Fischer and Orth, ^^Die Chemie des Pyrrols,Vol. I, Academische Ver- 
lagsgesellschaft, m.b.H., Leipzig, 1934. 

Fischer and Adler, Z. physiol. Chem., 197 , 237 (1931). 
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phthalide or its desmotiope.'^^ These compounds may be used to char- 






aclerize pyrroles that are appropriately constituted for reaction with the 
anhydride. 

Pyrroles, tetra-substiluted ones excepted, form products with 
mercuric chloride, which, in some cases, have the composition (pyrrole) 2 - 
Hg(HgCl 2 ) 4 .^® The pyriole can be recovered from the hot aqueous acid 
suspenKsion of the salt by treatment with hydrogen sulfade. Picric, 
chloi opicric, styphnic, and picrolonic acids combine readily with pyr¬ 
roles; because of the shaip melting points, the products are valuable 
for identification Pyrroles can also be heated at 120° with arsenic abid 
in Older to obtain solid derivatives.^® 

pyrrole Compounds.—Apait from pyrrole itself, the best known 
simple pyrrole compounds are those which come from the molecule of 
chlorophyll or hemin or are used in the synthesis of such substances. 
Opso-, hemo-j crypto-j j ii^ phyl lo-pyrrole have been obtained by reduction 
oTthelscTiaturlil products with hydroiodic acid. 
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C,H6|— |CH, 

hI^Jch, 
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11 

Opsopviiole 01 3-mcthyl- 

Hemop>rrole or 2,3- 
dimothyl-4-ethyliyyri ole 
CHa j 1 CaHs 

4-et h^l-pMrole 

CH,. 
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H 

Cryptopvirole or 2 4- 
dimcthyI-3-tthylpyri ole 

Phyllopvrrole or 2,4-5- 
trimethyl-3-ethylpyrrole 


Fischkr and Ohth, Ann , 502, 238 (1933) 

Fischer and MCller, Z physiol Chem,, 148, 155 (1925). 
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Bilirubin by a similar method yields hemo- and crypto-pyrrole. The 
common names designate either the source or some fact connected 
with the discovery of the compound. Hemopyrrole is so named because 
it is the principal pyrrole in hemin; opsopyrrole, from the Greek word 
6^4, meaning ^‘late/^ refers to its discovery at a later period among the 
decomposition products of hemin; cryptopyrrole, from meaning 

‘‘hidden,'^ is intended to recall the difficulty met in finding it; phyllo- 
pyrrole indicates that it was derived from chlorophyll. 


Tabi.e I.—Physical Constants of Some Pyrrole Compounds 


Pyrrole 

M.p., 

“Cl. 

n.p., 

“(1. 

IVcssure, 

mm. 

N-Methyh. 

2 -Methyl-. 


114-115 

149 

760 

3-Methyl-.... 


45 

11 

2,3-Dimcthyl-. 


65 

14 

2,4-Dimethyl-. 


162-164 

720 

2,5-Dimethyl-. 

3,4-Dimethvl-. 

33“ 

165 

65-66 

780 

14 

N-Acetyl-. 

b 

180-181 

2 -Acctyl-. 

90 

218-220 

760 

3-Nitr(>-. 

63.5 

Homo-. 

13 

87-88 

12 

Crypto-. 

86 

11 

Phyllo-. 

69 

86-87 

12 

Opso-. 

Knorr’s. 

3 

136 

73-75 

13 

2,5-Dihydro-. 

90-91 

748 

Tetrahydro-. . . 


87 





« Note lower meltiiiK point of N-substituted pyrroles in agreement with their role as ammono ethers. 
Note lower melting points of the less symiuetrical isomers. 


Designs for preparations of these compounds are very simple and can 
be proposed by anyone familiar with the Knorr synthesis. Any pyrrole 
compound that contains a methyl group in both the 2 - and 4-position 
can be derived from Knorr^s pyrrole (see below) by suitable changes 
imposed on the two carbethoxy groups. Any compound such as hemo¬ 
pyrrole that contains a methyl group at C 2 but not at C 4 can be made with 
the help of ethyl acetoacetate as one of the components in a Knorr syn¬ 
thesis. The other component is an appropriate ketone. If hydrogen 
only is in the alpha position, as in pyrrole, oxalacetic ester can be used 
as one unit because the carbethoxy group can be hydrolyzed and then 
eliminated readily. The other portion would be an appropriate ketone 
such as ethyl methyl ketone, which forms an isonitroso compound. In 
devising syntheses for these or any other compounds, the special role of 
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carbethoxy as a blocking group that can subsequently be removed 
(hydrolysis and decarboxylation) or substituted (hydrolysis and acyla¬ 
tion, alkylation with alkoxides, or nitration) must be remembered. 
Many condensations are facilitated also by the presence of this group. 

Knorr^s pyrrole is 2,4-dimethyl-3,5-dicarbethoxypyrrole. It was 
obtained by Knorr from ethyl acetoacetate in his disco very of the synthesis 
that bears his name. It is capable of a wide number of transformations. 

CHs(-1CO2C2H6 

H 

By treatment with sulfuric acid below 40° the jS- but not the a-carbethoxy 
group is hydrolyzed to give 2-carbethoxy-3-5-diraothylpyrrole-4-car- 
boxylic acid.latter in turn can be decarboxylated with quinoline 
and copper. Sulfuric acid at higher temperatures hydrolyzes both car¬ 
bethoxy groups. Hence substitution in the 3- and 5-positions can be 
made separately or simultaneously. By chlorination of the methyl groups 
and hydrolysis, aldehydo derivatives can be obtained. Reduction and 
ring opening yields noncyclic compounds. 

A^Pyrrolinc is the dihydro reduction (zinc or iron with acetic acid) 
produ(5t of pyrrole. The position of the double bond is proved by the 
isolation of imino-diacetic acid after oxidation of the ozonide^® with 
hydrogen peroxide. 


H.- ,n COOH COOH 

CH, 

- \./ 

H 

In contrast to pyrrole, pyrroline is a strong base with an ammoniacal 
odor and is very soluble in water. ^ 

JSTot all reductions lca5 to an a A® compound. The position of the 
double bond is determined by the nature of the substituents present. 
A A2 product, for example, is formed from 2-methyl-4-phenylpyrrole.^®* 
The constitution is proved by synthesis from methyl-y-nitro-jS-phenyl- 
n-propyl ketone. 

I . C,H.p-j| . C.H,CH-OH* 

iL.nJ'CH. Hj^NOj OCCH, 

H H 

« Zn 4* HO Ac. The nitro compound is made by addition of sodium lutromethane to bensalaoetone. 

^•Tbbibs and Dinelli, Ann., 517,170 (1935); Sonn, Ber., 68, 148 (1935). 
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ProUne is a-pyrrolidene carboxylic acid. With hydroxyproline it is 
widely distributed among proteins. Unlike the majority of amino acids, 
these two compounds do not liberate nitrogen when treated with sodium 
nitrite. Therefore, measurement of the nonamino nitrogen in the filtrate 
after precipitation with phosphotungstic acid and combination of the 
results with those obtained from a fractional extraction of protein hydro- 
lyzate with butyl and propyl alcohol, and also comparison of the values 
with a precipitation of the proline with cadmium chloride (hydroxyproline 
is not precipitated), give a very accurate estimations^ of the quantity of 
these products in proteins. Gelatin contains 9 and 14 per cent, respec¬ 
tively, of proline and hydroxyproline; casein contains 5.7 and 2.1 per 
cent of each compound; zein has 8.4 and 0.8 per cent, respectively. The 
N-methylation product of proline is known as “stachydrine.’^ 

Synthesis of d,Z-proline from pyrrole is effected by treatment of 
pyrrole in sequence with cthylmagnesium bromide, chloroethyl formate, 
cthylmagnesium bromide, chloroethyl formate, hydrogen®^ over Raney 
nickel or platinum oxide to give 1,2-dicarbothoxypyrolidine. The r/, 
Z-proline is obtained by heating this dicarboxylic ester with hydrochloric 
acid for 5-hr. 

Several methods of synthesis of proline from propylene dibromitle 
have also been devised. For example, the dibromide and ethyl malonate, 
under the influence of sodium ethoxide, give Br(CH 2 ) 3 CH((X)OEt) 2 . 
Bromination then replaces the hydrogen adjacent to the carbethoxy 
groups with a halogen atom, and the resulting dibromide is converted 
I f 

to a ring structure, HN(CH 2 ) 3 C(CONH 2 ) 2 , by ammonia. Hydrolysis 
by hydrochloric acid with concurrent loss of one molecule of carbon 
dioxide completes the synthesis.’’® Another process replaces the bromine 
atom on one end of propylene dibromide by a phthalimido group and 
on the other end by a malonyl ester, to form the product C 6 H 4 (CO) 2 ~ 
N(CH2)8CH(C00R)2. Bromination then inserts a halogen atom on the 
malonyl end, and alcoholic ammonia at 100®^® converts the product to a 
pyrrolidine compoimd. Finally, trimethylene bromide may be com¬ 
bined with sodiophthaliminomalonic ester tf) form Br(CH 2 ) 3 C(C 02 R) 2 - 
N*C 8 H 402 and the product then made to undergo ring closure®® under 
the influence of alcoholic sodium hydroxide. 

Proline may also be prepared from or-piperidone®^ by a sequence of 
chlorination, ring opening, hydrolysis, and ring closure with reduction 
as shown below. 

FtJ^RTH and Minnibech, Biochem, Z,, 260, 18 (1932). 

WillstXtter and Ettlinger, Ann,, 326, 91 (1903). 

Fischer, Ber,, 34, 454 (1901). 

Sorensen and Andersen, Z. physiol, Chem,, 66, 236 (1908). 

Heymons, Ber., 66, 846 (1933). 
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Hs 



H, 

O 


HjO 


Hj 


CCls 


H H,C 

NH. 

« PCU, Cold soda solution to liberate fiee base. 


CO2H 

> NaHg. 



H2 

HCO2H 


Problems 

1. What are the products formed when the following substances are subjected 

to the conditions indicated? (a) Aniline and mucic acid distilled together;** saccharic 
acid and isoamylamine distilled together in a vacuum at 70®. (6) a-Aminopyridine 

and mucic acid heated to 225® with aluminum oxide.*® (c) Phenacylacetoacetic 
ester and p-nitroaniline.*^ {d) Phenacylacetoacetic ester and benzidine.^®*' (c) 
Ace tony lacetone and ammonium carbonate heated together in an oil bath at 100® 
until effervescence ceases. (/) Tetramethylene dibromide and 2-methyl-5-ethyl- 
piperidine.** {g) /il-Keto-y-aminobutane chlorohydrate, CH,C(0)('H(NH2)CH8 HC1, 
and ethyl methyl ketone in the presence of caustic potash; the same ketoamino 
compound with oxalacetic ester. {h) m-Phenylenediamine allowed to stand with 
acetophenoneacetoacetic ester in acetic acid for a long time.^^^ 

2. Start with ethyl acetoacetate and prepare the following: (o) 2,4-Dimethyl-5- 
carbethoxypyrrole; 2,4-dimethyl-5-carbethoxy-3-aldehydopyrrole; 2,4-dimethyl-5- 
carbethoxy-pyrrole-3-acrylic acid; 2,4-dimethyl-5-carbethoxy-3-vinylpyrrole in a 
sequence of reactions.*® (5) l,2,4-Trimethyl-5-carbethoxypyrrole; 1,3-dimethyl- 
2,4-dicarbethoxy-5-aldehydropyrrolc; l,3,5-trimethyl-2-carbethoxy-4-acetylpyrrole; 
N-niethyl methylethylmaleio imide.*® (r) 2,4-Dimethylpyrrole.*^ (d) 2,4-Di- 
methyl-3,5-diethylpyrrole.** (e) 2,4-Dimethyl-3-propylpyrrole.*® (/) 2,4-Dimcthyl- 
chloroacetylpyrrole.®* {g) 2-Bromomethyl-4-methyl-3,5-dicarbethoxypyrrolc.®® {h) 
4-Amino-2,5-dimethyl-3-carbethoxypyrrole.®^ (?) 2^4-Dimethyl-5-earbethoxypyrrolo- 
3-propionic acid and then brominate the product.^* 

3. How would you condense the following? (a) Isonitrosoacetoacetic ester 
with acetylacetone to obtain a pyrrole compound and from thence obtain krypto- 
pyrrole or phyllopyrrole.*'* (6) Acetylpyruvate with an aminobutanone to form a 
pyrrole compound and from thence proceed to hcmopyrrole or phyllopyrrole.^*" (r) 
Acetylpyruvate with aminoacetone to obtain a pyrrole compound and from thence 
obtain opsopyrrole.®* 

Kottnitz, J. prakt. Chem., 6, 136 (1872); Pictet and Steinmann, 2?cr., 36, 
2529 (1902); Reich stein, Helv. Chim. Acta, 10, 389 (1927). 

Tschitschibabin and Bylinken, Rer., 58, 1745 (1923); Wibaut and Dingem- 
ANsE, Rec, trav. chim., 42, 1039 (1923). 

Borsche and Titsingh, Ber., 40, 5008 (1907). 

**v. Braun, Lkmkb, and Nelken, ibid., 66, 1564 (1923). 

Fischer and Bartholomaus, Z. physiol. Chem,, 77,190 (1912), 

8’ Fischer and Hierneis, Ann,, 492, 32 (1931), 

88 Piloty, Ber., 43, 489 (1910); Fischer and BartholqmXus, Ber,, 46, 466, 1984 
(1928). 

89 Fischer, Goldschmidt, and NOsslbr, Ann., 486, 14 (1931), 

99 Fischer and Halbig, ibid., 447, 129 (1926). 

91 Fischer and Rothweiler, Ber ,, 60, 516 (1933), 

99 Knorr and Hess, ibid., 2758 (1914); Fischer and Schvb^rt, ibid., 67, 
610 (1927), Bee also reference 72, p. 55. 
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4. Name the product of the reaction of the following: (a) 2,4-E)ln^€‘thylpyrrole 
heated with sodium ethoxide at 220®.®® (6) 2,5-l)imethyl>3,4-dicarbethoxypyrrole 

heated for 16 hr. with sodium ethoxide at 220®.“*® (c) N-Methyh2,4~dimethyl-3, 
5-dicarbethoxypyrrole in contact with two molecular proportions of sulfuryl chloride 
in acetic acid, followed by hydrolysis of the product. (d) 3“Ethyl-2,4-dimpthyl- 
pyrrole with benzenediazonium chloride.®® (e) 2,4-Diraethyl-3-acetyl-5-carb(»th- 
oxypyrrole and nitric acid.®® (/) Pyrryimagnesium bromide and phthalyl chloride.®* 

6 . Analysis of a certain pyrrole shows that it is an ethyltrimethylpyrrole. How 
would you show that the nitrogen atom is or is not substituted and, if so, how would 
you determine whether a methyl or ethyl group is attached to the nitrogen atom?” 

6 . The reaction of methyl iodide on pyrryimagnesium iodide forms 3-methyl- 
pyrrole, that of ethyl iodide leads largely to the 2-ethyJpyrrole. How would you 
determine the location of these substituents?®® 

7. Triphenylmethyl and pyrrole form a dihydro d(*rivative. How would you 
show that addition is in the 2,5-position?®® 

8. Devise a method for the preparation of 5-bromo-4-methyl-3-(*thyl-2-alde- 
hydopyrrole.®® 

9. Show a method for preparing a,^-dichloroethyl ether and for condensing it 
with diacetonitrile (cyanoacetone) in the presence of ammonia (the djchJoro (‘ornpound 
is merely a convenient way of obtaining chloroacctaldehydc in siiu). How would the 
pyrrole product®’'react with (a) bromine (b) hydrogen cyanide and liydrochloric acid? 

10. Devise a method for preparing 2-mothylpyrrole, then 2-methyl-3-formvl-5- 
carbethoxypyrrole, and finally for conversion to 2,3-dimethylpyrrole.®® Devise a 
method for preparing 2-5-dimethylpyrrole.®® 

11 . Ikterogen^® is a physiologically active compound known scientifically as 
2,4-dimethylpyrrole-l-arsinic acid, C 6 n 9 N-HAs 03 . Devise a method for its syn¬ 
thesis from arsanilic acid as one of the reagents. 

12. The structure of /3-nitropyrrole has been proved by synthesis from sodium 
nitromalonic aldehyde and the ethyl ester of glycine. Write the (equations for the 
synthesis of the malonic aldehyde from mucobromic acid and sodium nitrite and for 
condensation of this dialdehyde with the amino compound. 1 ®® 

13. 4,6-Di(2,5-dimethyl-3-carboxypyrrolc)-l,3-rhmethy]benzene, (CH 8 ) 2 C 6 H 2 - 
[N 04 H(CH 3 ) 2 C 02 H ]2 was prepared as part of a study of isomerism by restricted rota¬ 
tion. 1 ®^ Write the formula of the compound. What intermediate compounds would 
be needed to effect a synthesis? How could the two necessary intermediates be pre¬ 
pared? How many isomers would result? 

®® Fischer and Hepp, ihid.j 19, 2251 (1880); Fischer and BartholomXus, Z. 
physiol. chem.f 77, 193 (1917). 

®* Bern ADO and Francesco, Gazz. ital. chim.f 63, 265 (1923). 

»® Oddo and Mameli, ibid., 43, II, 504 (1913); (7.A., 8, 1272 (1914). 

®® SiEDEL and Fischer, Z. physiol. Chem., 214, 158 (1933). 

Strain, Ann., 499, 40 (1932). 

®® Fischer, Belles, and Stern, Her., 61, 1081 (1928). 

»®Faal, ibid.y 18, 2251 (1885); Knorr, Ann., 236, 290 (1886). 

^®® Hill and Torrby, Aw. Chem. 22, 89 (1899); Hale and Hoyt, J. Am. Chem. 
Soc., 37, 2538 (1915). 

1 ®^ Chang and Adams, ibid.^ 66, 2089 (1934). 
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DI- AND POLY-PYRRYL COMPOUNDS. 

PORPHYRINS AND PHTHALOCYANINS 

Two pyrrole nuclei can be joined to each other through a carbon 
atom to give a dipyrrylmethane analogous to diphenylmethane, or a 
dipyrrylmethene; two such methane or methene units can be joined to 
make bilirubins, porphyrins, and phorbins. The chemistry of dipyrryl- 
methanes and -methenes is, therefore, important because of the role 
that such substances have as intermediates in the synthesis of compounds 
related to many that occur in nature. 



H H 


a.a'-Dipyiromcthane or 
pyiioinethane 



H H+X- 

oe,a'-Dipyrromethene or 
pyrroniothone hydi ohalido 



II+X- 


«,/S'-Pyn omethone 
hydroUalidu 



H H+X- 


ms R-dipyriomethene 
bydiohalide 


Fig. 1.—Typical namiiii; and numbering of the dipyrromethanes and methenes. 


Dipyrrylmethanes. —Dipyrrylmethanes, sometimes referred to as 
pyrromethanes, can be prepared by a number of methods. Methylene 
chloride and pyrrylpotassium at 120 to 130° give a,a'-dipyrrylmethane, 
together with much of the N,N'-isomer;^ hydrazine and sodium ethoxide at 
165° reduce dipyrryl ketones^ which are previously prepared by a Friedel- 
Crafts synthesis between a pyrrole and a pyrrole acid chloride or phosgene; 
and formaldehyde condenses with an alpha-free pyrrole^ in the presence 
of formic or a mineral acid with formation of a dipyrrylmethane. 

H ^ H H H 

1 Pictet and Rilliet, Ber., 40, 1166 (1907). 

*Hess and Anselm, ihid.^ 64, 2310 (1921). 

* (a) Fischer and Zeile, Ann., 462, 210 (1928); (6) Corwin and Quattlebaum, 
Jr., J. Am. Chem. Soc., 68, 1081 (1936). 
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This last reaction is common. Should the alpha pt)sitions bo blocked, a 
/3,j8'-dipyrrylmethane^ can form. a,j8'-l)ipyrrylmethanes, mixed with 
other products of course, are obtained from an alpha-free pyrrole with an 
appropriate beta-free compound. Replacement of formaldehyde by 
acetaldehyde or benzaldehyde or even hy ketones leads to the corre¬ 
sponding ms.-substituted pyrrylmethane.® Glyoxal gives the expected 
tetrapyrrylethane.® This type of condensation is capable of wide 
variation. 

Mild oxidation of dipyrromethanes with ferric chloride, chloroanil, or 
bromine changes them to dipyrromethenes. If the methane has an a-car- 

11'X- 

bethoxy group, however, ferric chloride changes it to a tetrapyrrylethane.^ 

Dipyrrylmethenes. —Besides the aforementioned oxidation ol the 
methane, dipyrrylmethenes can be prepared from a ketone by a novel 
reduction with phosgene. Carbon dioxide is eliminated and a chloro 
product^ results. The reaction has its parallel in the aromatic* sc'ries 
in the behavior of ketones with oxalyl (*hloride,^^ in which a dichloride is 
formed and carbon monoxide and carbon dioxide are evolved. 



H H H II+CI - 

“ 0(0)Ch. The reaction probably proceeds thiough the intermediate dirhloro compound, 
CvrcrialVy, followed by lose of HCT. 

The usual synthesis, however, is to condense an appropriately sul)- 
stituted aldehydopyrrole with another alpha-free pyrrole or to link 
alpha-free pyrroles together by the use of formic acid or chloromc'thyl 
ether® (see Fig. 2). Pyrroles with alkyl groups only in the beta position 
have a great tendency to form methenes.^® 

When an alpha-free a'-methylpyrrole is treated with cold bromine, 
or, better, with sulfuryl chloride, a dihalogeno product forms, which 

* CoLOcicrHi, Attij accadLincei, [5] 20, II, 312 (1911); Chem. Zentr.^ 1,143, (1912). 

® Fischer and BabtholomXus, Z. physioL Chevi .^ 89, 163 (1913). 

« Fischer and Eismeyer, Ber., 47, 2019 (1914). 

^ Fischer, Baumgartner, and PlOtz, Ann., 493, 1 (1932). 

* (a) Fischer and Orth, ibid., 489, 62 (1931); 602, 237 (1933); (6) Staudinger, 
Ber., 42, 3966 (1909). 

•Fischer and Zerweek, ibid., 66, 519 (1923); Fischer and Adler, Z. physiol. 
Chem./121, 252 (1931). 

Fischer, Doyle, and Glbim, Ann., 626, 24 (1936). 
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then condenses with some of the unhalogenated pyrrole and forms a 
dipyrrylmethene. The reaction is illustrated by the formation of 
5-chloro-4,3',5'-trimethyl-3,4'-diethyldipyrromethene hydrochloride^ ^ 


CKz 



C 2 H 6 

CH, 



C2H5 

CHiCl 


II 


H Cl' 


“ SOCli. *» Reaction with the cryptopyrrolc used as the starting inateriah 


from cryptopyrrole. Any acetyl group present in the original pyrrole 
may be replaced by a chlorine atom^^ during the process, subject of 
course to thermal influence. 


31 

li 



IT 


li 

n 



K 11,. -.,R 

+ 

Clio H 

H 


R P 

11 HCO 2 H 




IT 


11 

R 



R 

H 


dC^HsOC^Ha 



H 


H 


b 

—> 



« HBr or UCl. ^ Hot benzene 01 alcohol solution. 

Fig. 2 . —Methodb for the !synthesi.s of dipyrromethenes. 


In the aromatic series, the condensation of an aromatic aldehyde 
with a ring system that contains an active hydrogen atom produces a 
triarylrnethane as, for example, in the formation of malachite green 
from benzaldehyde and dimcthylaniline. In the pyrrole series, the 
condensation of a pyrrolaldehyde with the active hydrogen of a pyrrole 
ring produces a dipyrrylmethene. There are some instances, however, 
where, at low temperature, when the period is short, or the agent is 
heat instead of an acid, a tripyrrylmethane^’ results. Since hydrochloric, 
hydrobromic, or formic acid readily cleave such compounds to dipyrryl- 
methenes, it is possible that tripyrrylmethanes may often be intermediate 
products. Indeed certain anomalous condensations such as the one 
that follows are best explained by such a mechanism. 

Fischer, Baumann, and Riedl, 476, 205 (1929). 

Fischer and Adler, Z, physiol Chem., 210, 148 (1932). 

Fischer and Ernst, Ann,, 447, 139 (1926); Fischer and Ammann, Ber., 66, 
2319 (1916); Cqrwin and Andrews, J , Am, Chem, Soc., 68 , 1086 (1936); 66 , 3973 
(1937). 
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Large R * the dicarbethoxypyrryl ladical, large R* =• the monocai bethoxvpyrryl ladical. 
« HCI. * HCO*H. 


Fio. 3.— Abnormal condensation in which the unit of the pjirolo aldehyde is not part 
of the final dipyrrylmethene product. Some of the expected product is of comae foinied 
in this reaction, particularly if excess aldehyde and hydrochloric acid is used. 


So also does the reaction of acetyl chloride with (;ryptopyrrylmag¬ 
nesium iodide produce the expected tertiary carbinol, but the product 
loses water and changes to 3,5,3',5'-ietramethyl-4,4'-dieth3d-m.<?.-methyl- 


mc, 

HaC 



CHaa 

H 



CHa 


CCHa 

OH 

2 


Har2|- .CITaHaC - (^,H6 

H CHa Cl- 


H 


« CHiCOri. 6 HCl. 


dipyrromethene hydrochloride. ^** 

Dipyrrylmethenes are colored substances with basic properties. 
They .form colored mono salts with halogen and perhalogen acids. The 
methene can be liberated from the salt by treatment of the suspension in 
chloroform, alcohol, or ether with ammonia. Which nitrogen atom in 
unsymmetrical dipyrrylmethene is more basic is frequently difficult to 
judge, since the basicity of individual pyrroles is very slight. The com¬ 
pounds form colored complexes with a large number of metal salts such 
as copper, nickel, zinc, or cobalt acetates as illustrated by the formula 
below. Picrates, styphnates, picrolonates, flavinates, chloroplatinates, 



/ \ / \ 


^*Sbipbl, Z, phyBiQl Chem., 281, 177, 192 (1935). 
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and nitrophenolates can also be obtained. Addition compounds with 
m-dinitrobenzene and trinitrotoluene have been isolated. 

The behavior of dipyrrylmethenes toward nuclear replacement is, 
in general, that expected of a pyrrole compound. Nuclear bromination 
in cold acetic acid occurs when either an alpha or beta position^® is free. 
Carboxyl groups in the alpha position can be replaced by bromine in this 
reaction.^® At higher temperatures, or in the presence of sunlight, sub¬ 
stitution occurs in an a-mcthyl^^ or ethyl side chain. Silver or potassium 
acetate in boiling acetic acid or sodium hydroxide in boiling alcohol 
replaces a nuclear halogen atom by a hydroxyl group. Alcoholic potas¬ 
sium methoxide similarly substitutes methoxyl for bromine. 

Tripyrryl Compounds. —Two molecules of an «-halogenomethyl-sub- 
stituted pyrrole will condense with one pyrrole that has both alpha 
positions free. The product is a tripyrryl system.'*^ 



/ 

CH2CI 


\ _ / 

+ |i J 

II 


\ / 


+ i J 


P “ a pyrryl nucleus. 


H* H2 
P—C—P—C—P 


Tetrapyrryl Compoimds. —A chain of four pyrryl nuclei, joined by 
methylene and methine links, exists in nature as bilirubin. This yellow 
and orange colored material is a biological decomposition product of 
mammalian blood. It is found in the bile as well as in blood serum. It 
was isolated first^® from the gallstones of cattle and subsequently^® from 
those of humans. Its empirical composition is C 88 H 36 O 6 N 4 . It crystal¬ 
lizes as oblique prisms from dimethylaniline^^ or quinoline and as needles 
from phenol. Small quantities are purified by successive extractions 
with ether, alcohol, and chloroform. It has none of the absorption bands 
that characterize hemin. 

Bilirubin has seven active (Zerewitinov test) hydrogen^^ atoms. 
Energetic oxidation with chromic acid gives hematinic acid. 


CH,p=-~~.(CH2)2COsH 

Jo 


H 


Fischek and Kirstahler, Z. physiol. Chem.y 198, 44 (1931). 

Fischer and Pose, Ann.y 619, 1 (1935). 

Fischer and Weichmann, ihid.y 492, 35 (1931). 

18 Fischer and Adler, Z. physiol. Chem.y 200, 209 (1931). 
i» StXdeler, Ann.y 132, 325 (1864), 

Fischer, Z. physiol. Chem.y 78, 227 (1911). 

*1 Fischer and Reindel, tbid.y 127, 303, 314 (1923). 

** Fischer and Pobtowsky, ihid.y 162, 309 (1926); Fischer, Plibninqer, and 
Wbissbarth, tbid.y 268, 197 (1941). 
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Reduction with hydriodic acid and iodine yields cryptopyrrole and 
eryptopyrrolecarboxylic acid. Mild reduction with sodium amalgam 
gives mesobilirubin which splits into neoxanthobilirubic and iso- 
neoxanthobilirubic acids when heated in resorcinj)!. The constitution 


Cll, 


CHap -|P 

f'H -KnJ 

H 


iJ. 


OH, OH,. .OefU 
-OH L^ns^OH 


H 


Neoxanthobilirubic 

a('ul 

P » The piopiomc acid ladual, ~CH 2 CHirOiH. 


Isoneoxanthobilirubic 

acid 


of the first compound is proved by synthesis,that of the second by a 
resorcinol melt degradation of a synthetic meso})ilirubin which has the 
formula shown below. Tlie structure of bilirubin ds also indicated by 
degradation of the dimethyl ether, when heated in resorcinol, to the 
methyl ether of vinylneoxanthobilirubic acid, Avhich, in turn, is converted 
by catalytic hydrogenation to the ether of neoxanthobilirubic a(‘id. 


Clh 

Br 



CjHs 

CEO 




—(7T- 


H H H 

Synthesis of neoxunthobilirubu loid. 

® HBr joins the two niulci toRcthf*r, NaOCHa n*0 at HO® Br b\ HO. 



Et 

HO 


u‘ 


0 Tb 
H 

C— 



CIb C^Tb 
H 

C — 


Et 

,N^0H 


\ synthetic mefeobihrubin that gives iaoneoxanth\ biliiubH ar nl bv cU a\ age. 
P » propionic acid. 


The structure of bilirubin, therefore, is best represented by 



H H 


Me s= methyl, V “ vinyl, P «* propionic acid. Note numbering system. 

In aqueous or chloroform solution, bilirubin undergoes the Gmelin 
reaction, a series of color changes produced by nitric acid which contains 
nitrous acid. The ring at the contact suiface changes in succession from 
green to blue, violet, red, red yellow, and yellow. (See Fig. 4 for possible 
structural changes).The green and violet colors are especially charac¬ 
teristic. The sensitivity is 1 in 80,000 parts. Alcohol interferes with 
the test. 

** SffiiDBt and Fischer, 214, 145 ( 1933 ); Fischer and IIaberland, ibid., 232 
236 (1935). ' * 
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The synthesis of bilirubinoid pigments, which have constitutions 
similar to bilirubin but without hydroxyl groups, is effected^'* by allowing 

H H 

« Yellow 

- HO oh 

II 

^ Gref n 

= oLJ4lOLpjCJ-?J.Jo 

H H H 

<* Blue gicen 


11 H 

Violet 

« Piotoii removal * Ihomcnr ition 

1 lo. 4—Possible (oloi changes in Gmelin test Substituents in the beta positions aic 

omitted in these foimulas. 


the three molecules shown below to condense to an open chain of four 
pyrryl nuclei. 

Ac. jCHa Etr |CH 3 CHs. -.Et VRi.- ..Ac 

CH,OCH2l!^HjJ - C- 

H H H+ Br H 

Porphyrins.—Four pyrrole nuclei can be linked together in a circular 
pattern by four carbon atoms so that a great ring of 16 carbon atoms is 
formed. Alternating single and double bonds occur in the molecule, 
although it is impossible with our present knowledge to assign them a 
definite location. The stabilizing influence of resonance appears to be 
much like that in benzene. The unusual resistance to aerial oxidation, so 
lacking in the pyrroles, the chemical reactions, so similar to those in 
benzene, and the general inability to assign a permanent attachment of 
the two active hydrogen atoms to nitrogen (no isomers are usually 
obtained either by methylation or by synthesis)^ support such an 

Fischeb and K^bzingbr, thtd , 196, 213 (1931). 
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The presence of two active hydrogen atoms can be demonstrated^* by 
modified Zerewitinov determinations, in a pyridine-xylene mixture (5 to 
2 by volume) as a solvent for the porphyrin and in isoamyl ether as a 
solvent for methylmagnesium iodide. Bromination, nitration, and 
sulfonation^® take place. The example of a Friedel-Crafts reaction, 
shown in the partial formula below, illustrates a very important start- 



« CHiOCHaCl -f SnCli. 



ing point in the preparation of a propionic acid** substituent as will 
be made clear later. Hydrogen atoms on the y-methine group have been 
condensed with other nuclear substituents as in the reaction with meso- 
ctioporphyrin illustrated (partial formula onl}^ below. 



MoOaCCHaCJHa P | 9 / 

H2C—CH2 

Mesoporphyrin dimoth.vl ester Meborhoclin 

« Cone. HaSOi. P roferb to the methyl piopionate radical. 


CH3 


Unlike dyes and other colored substances, porphyrins are not reduced 
by hydrosulfite or by hydrogen over palladium*^ in aqueous alkali 
solution, but are affected by hydrogen and platinum in acetic acid.*^ 
Leuco compounds so obtained are ueoxidized by air. Catalytic hydro¬ 
genation over Haney nickel at 60® in dioxane converts pyrroporphyrin 
to mesopyrrochlorin** (addition of two hydrogen atoms). Drastic 
reduction,*^ such as in boiling acetic acid with hydriodic acid and phos¬ 
phorus iodide, will break the ring. Phylloporphyrin by such treatment 
yields hemopyrrole, cryptopyrrole, and phyllopyrrole. Stannous chlo¬ 
ride** also reduces porphyrins to pyrroles. 

Vigorous oxidizing agents degrade the ring. Protohemin*® is con¬ 
verted to hematinic acid; bromorhodoetioporphyrin®^ is broken to bromo- 

®«Hanhowitz and Zinjvi, Ber.j 62, 163 (1929); Schmidtz-Dumont and Hamann, 
J, prakL Chem.f 139, 162 (1934); Fischer and Goebej., Ann.^ 522, 168 (1936). 

Fischer and Riedl, 486, 178 (1931). 

Fischer and Ebersberoer, ibid., 509, 19 (1934). 

CoNANT and Hyde, J, Am. Chem. Sor.^ 52, 1233 (1930). 

** Fischer and Zerweck, Z. physiol. Chem.j 137,242 (1924); Kuhn and Seyffert, 
61, 2509 (1928). 

Fischer and Herrli, Ann., 530, 230 (1933). 

** WillstXtter and Asakina, ibid., 385, 188 (1911). 

See Fischer and Orth, Ref. 26. 

»» KOster, Ber., 29, 821 (1896), 

Fischer and Trbibs, Ann., 466, 213 (1928). 
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0H3F"“~|Br 

citraconimide qL , Jq chromic acid. As in all studies of 
H 

natural products, such reductive and oxidative degradations have sup¬ 
plied important clues to the structural formulas of natural and synthetic 
porphyrins. 

Naming and Numbering of Porphyrins.—Compounds of this class 
derive their names from their color, order of discovery, manner of deriva¬ 
tion, or other empirical relation. Porphyrin, for example, comes from 
the Greek word meaning purple; protoporphyrin refers to its position 
as the first porphyrin from the blood-pigment hemoglobin. The prefix 
rtio- originally meant a bleached product but is now applied to all por¬ 
phyrins derived by decarboxylation of an acid substituent. The prefix 
meso- designates an intermediate reduction state (vinyl to ethyl). If a 
number of degradation products show very nearly identical spectra, they 
are given a class name with alphabetical or numerical notations to desig¬ 
nate individual membei's. For example, chlorin is a member of the 
group of compounds known as ^‘chlorins’^ because of their green color 
in ethereal solution. Now that the structures of the porphyrins have 
been disclosed, it is possible to name them as derivatives of the parent 
compound porphin. Mesoetioporphyrin then becomes 1,4,5,8-tetra- 
methyl-2,3,6,7-tetraethyl porphin. Iron derivatives have the class 
name hem (for ferrous) or hemin (for ferric) attached as a suffix. Proto¬ 
hem and protohemin, for example, are th() correct names for the iron- 
containing porphyrins in human blood, although the prefix proto- is 
frequently omitted. Magnesium-containing complexes are called '^phyl- 
lins,^^ e.g., porphin phyllin. 

If all substituents are alike, no isomers are possible, but if two groups 
are present in equal amount, foui isomeric forms, designated by numbers, 
can be found. In the case of mesoetioporphyrin, the sequence of groups 
is shown below. 

1 2 3 4 1 2 3 4 

Me Et Me Et Me Et Et Me 

Et Mo Et Me Mo Et Et Me 

876 5 8765 

Mosootioporphyi in I Mesoetioporphyrin II 

or 1,3,.3,7-tctramethyl- 
2,4,(»,8-t<*traethylporpiun 

1 2 3 4 1 2 3 4 

Me Et Me Et Me Me Me Me 

Me Et Et Me Et Et Et Et 

8765 8765 

Mesoetioporphyrin III Mesoetioporphyrin IV 

Similarly, coproporphyiin, which is a tetramethyltetrapropionic acid 
porphyrin found in urea and feces, can exist in four forms depending on 
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the sequence of methyl and propionic groups. In the uroporphyrins, 
which are found in urea and muscle shells, the groups are acetic and 
propionic acids. In all these cases, the naming is 1, II, III, IV for the 
isomeric forms depending on whether the sequence is alternate, alternate 
by pairs, half alternate and half by pairs, or by two groups of fours. 
It is remarkable that the sequence in nature®® is always according to I 
and III with the latter predominating three to one, save in the case of 
porphyrins from algae. 

As the number of groups increases, the possibility of isomers also 
increases, so that a decision on the form prescmt in any natural product 
becomes increasingly difficult. The practice in such cases is to convert 
some of the groups to such substituents as will reduce the number of 
possible isomers. For instiince, decarboxylation will convert a propionic 
acid group to ethyl, and reduction will convert a vinyl group to ethyl.' 
A portion of the sequence can then be established by comparison with 
the spectra of a compound of known structure. 

Because there is no known method for the conversion of one pro- 
phyrin into its isomer without destruction of the great ring, the fact that 
the sequence of groups in nature is always III or 1 suggests two natural 
methods of porphyrin synthesis. Considerable interest attaches, there¬ 
fore, to the presence of these two forms under various environments and 
states of health. Cattle,®® which suffer from animal ochronosis, and the 
fox squirrel^® have bones colored with uroporphjuin I. 

Isolation and Preparation of Porphyrins. —Porphyrins are obtained 
from natural sources or by synthesis. The general procedure for isolation 
of the natural product is to extract the material in question with a mineral 
acid. The porphyrins so obtained can be purified by the usual process of 
neutralization, extraction with ether, reextractions with hydrochloric 
acid, precipitation at definite pll values, accompanied by dialysis and 
other standard methods.'*^ 

Synthesis of porphyrins usually starts from dipyrrylmethanes or 
dipyrromethenes. Preparation^® of mesoctioporphyrin II illustrates (see 
Fig. 6) a method for condensing a dicarboxydipyrrylmcthano under the 
influence of acids, preferably formic. Another method of porphyrin 
synthesis uses brominated dipyrrylmethcnes under the dissolving and 
oxidizing influence of concentrated sulfuric acid, as illustrated for meso- 

Fischer, Naturwissenschafterif 18, 1026 (1930); Fischer and v. Holt, Z, 
physiol. Chem.y 229, 93 (1934). See also Ref. 26. 

«®Fink and Fikentschbr, Z. ph/sioL Chem.^ 202, 8 (1931). 

Turner, J, Biol. Chem., 118, 519 (1937). 

Oppenheimer, '^Handbuch der Biochemie des Meiiachau und der Ticre,’* 2d ed., 
Vol. I, p. 247, G. Fischer, Jena, 1933. See also Ref. 40. 

« Fischer and Hai^bio, Ann., 460, 151 (1926). 
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etioporphyrin I/® a decarboxylation product of coproporphyrin. This 
same compound can be prepared from dibromodipyrrlmethenes,^^ but 
in this case a reducing medium such as boiling formic acid is advantageous. 
Other organic acids^® such as tartaric, succinic, citric, and mixtures of 
these have proved useful as components of melts in which condensation 
occurs at 190°. Obviously, appropriate mixtures that need no oxidizing 
or reducing medium can be used. So great, however, is the tendency for 


Me 

HO 2 C 



H H 

H H 



Me 

CO2H 


CO 2 H 


Me 


Mosoptioporphvrin II fiom two pyrro- 
methanes by loss of 2COi and 4 H 2 O with 
addition of 2H from formic acid. 



Mesoctioporphyiin I from two ar-mcthyl-o'- 
broniopyironiotliene hydrobromidi's by loss 
of 2IlBr and 2H in hot concentrated sulfunc 
acid which serves as an oxidisiniE medium. 



Mesoetioporpbyrin I from an a.at'-dibromo- 
methylpyrrometheno hydrobiomide and an 
o,at'-flibromopyrroniethene hydrobromide by 
loss of 4HBr and addition of 211 in a reducing 
melt such as tartaric, succinic, or citric acid 
at 0^ 


Fig. 6 .—Arrangements that illustrate melhoiis for the synthesis of porphyrins. 


the macro ring to form that at the temperature employed (180 to 190°) a 
considerable number of combinations are possible; and the methenes 
themselves will serve as the necessary" oxidizing or reducing agent if an 
appropriate medium is absent. Such methods of synthesis often produce 
a variety of products, particularly if simultaneous decompositions of an 
acid substituent on the pyrrole nucleus is possible. In the case of 
phylloporphyrin (page 89), as many as 10 different products are real¬ 
ized.^* Separation of all forms was accomplished by extraction of 

Fischer and Andersag, ibid., 460, 201 (1926). 

** Fischer and Stangler, ibid., 469, 53 (1927)* 

Fischer, Friedrich, Lamatsch, and Morgenroth, ibid., 466, 158 (1928); 
Fischer and FrOwis, Z. physiol. Chem., 196, 52 (1931); Fischer and Holt, ibid., 
227, 139 (1934). 

Fischer and Helberger, Ann., 480, 235 (1930); Fischer, Siedel, and d^Ex- 
NEQUiN, ibid., 500, 137 (1933). 
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an ethereal solution with diflforent strengths of acid, a process called 
‘^acid fractionation/'^^ 

Porphyrin Compounds. —The parent member of the series is porphin. 
In less than 1 per cent yield, it can be prepared from 2-aldehydopyrrole 
in boiling formic acid^® or from pyrrole^*^ and formaldehyde in hot 
pyridine. Use of acet-, propion-, or benz-aldehyde in the latter process 
produces the corresponding ms.-substituted porphyrin. 



“ 3 hr. reflux in HCO 2 H. * 30 hr. at 90 to 95® with H 2 CO in pyridine. 

Porphin decomposes above 300®. It shows the absorption bands 
characteristic of the substituted porphyrins. Metallic derivatives are 
prepared by heating with magnesium oxide, ferric chloride, or copper 
acetate. The porphin is regenerated with hydrochloric acid. 

Two principal sources of substituted porphyrins exist in nature. 
The first is the blood and other respiratory pigments; the second is from 
chlorophyll, in which phorbins exist that can be degraded to porphyrins 
by various chemical methods. In the following sections, groups of 
compounds indicate a common origin or degradation process. 

Protoporphyrinsy tetramethyldivinyldipropionic acid-porphins, are 
of much interest because one of the 15 possible isomers, viz.y proto¬ 
porphyrin IX (in Fig. 5) is widely distributed as a respiratory pigment in 
nature. As a ferrous iron complex and attached to the protein, globin, it 
becomes hemoglobin*® present in human blood. With iron in the ferric 
state, analogous to methemoglobin, but bound to a different protein, it 
is found in the enzyme, catalase,*^ wliich converts hydrogen peroxide to 
oxygen and water. The spectrum of reduced peroxidase, *2 another 
enzyme, shows the same bands as reduced hemin. The catalytic activity 
is proportional to the hemin*® content, though the latter is equivalent to 
a seventh only of the total iron present. The intercellular respiratory 
enzyme cytochrome c common to animals, bacteria, yeast, and higher 
plants is probably a methemoglobinlike derivative*^ of protoporphyrin. 

WiLLSTATTER and Mi£G, ibid,, 360, 1 (1906). 

*8 Fischer and Gleim, ibid., 621, 157 (1936). 

^•Rothemund and Londebgan, J, Am, Chem, Soc,, 68, 625 (1936). 

80 Fischer and Jordan, Z. physiol, Chem., 190, 75 (1930). 

8 ^ Zeile and HellstrOm, ibid., 192,17 (1930) ;Stbrn, J. Biol. Chem., 112,661 (1935). 

8* Kuhn, Hurd, and Florkin, Z. physiol. Chem,, 201, 255 (1931). 

8*KEmiN and Mann, Proc, Roy, Soc, {London), 122 B, 119 (1937). 

88 Hill and Keilin, Md,, 107 B, 286 (1930); Zeile and Reuter, Z, physiol. Chem., 
221| 101 (1933). 
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Steps in the conversion of hemoglobin to three different porphyrins 
arc shown below. All three of these porphyrins have been synthesized, 
some by more than one method, so that their structures are known. 
Protoetioporphyrin, the carboxyl-free product of protoporphyrin, has 

Globin Oxidation 

Hc'moglobin" — —► Protohem ~ > Protohemin 

elimination Reduction 

— FeCllX) Alkali alkoxide 

;_Protoporphyrin IX *■ 

4-Fe(reCls) 

-CO I 

Mesoporphyrin IX-► Mosoeiioporpliyrin III 

• “Oxidized hemoglobin —» Fe'*■’■+) is called methemoglobin. HemoRlobin consists of one 

globin and four protohein molecules oi, by weight, 9r> percemt globin. 

Fig. 7. —Degradation of hemoglobin to porphyrin.s. 


also been prepared. The sequence of substituents shown below is 
essentially the same for each porphyrin, since vinyl groups can be reduced 



1 

2 

3 

4 

5 

6 

7 

8 

Protoporphyrin IX..!. 

Me 

V 

Me 

V 

Me 

P 

P 

Me 

Protoetioporphyrin IX. 

Me 

V 

Me 

V 

Me 

Et 

Et 

Me 

Mesoporphyrin IX. 

Me 

v:t 

Me 

E< 

Me 

P 

P 

Mo 

Mesoetioporphyrin III. 

Me 

Et 

Me 

Et 

Me 

Et 

Et 

Me 


and propionic acid groups can be decarboxylated to give ethyl groups. 
The porphyrins derived from chlorophyll have similar sequences. If the 
bilirubin chain were closed, the sequence of substituents would be the 
same as in protoporphyrin IX. 

Rhodo-, phyllo-y pyrro-, aiid pyrroetio-porphyrins are derived by vigor¬ 
ous alkali treatment from chlorophyll a, which has been freed of its 
metal and phytyl group. Steps in the process are shown in Fig. 8. 


H TV OMir ® P IT TST 


Chlorophyll o 


2 C 20 H 89 • 
Pheophytin o 


d 


— C,oH„N4(CO,H)j — 

Pheophorbide a Chlprin e Rhodoporphyrin 

■4 (J3,n85N4002H 4 CaiHaeN* 

Phylloporphyrin Fhylloetioporphyrin 

4 c„h.,n4COjH 4 c,ok4N4 

Pyrroporphyrin Pyrroetioporphyrin 




I t;u2ii 

C31H33N4ICO2H--I 


« Oxalic acid removes the Mg without hydrolysis of the ester. ® Cone. HCI. « Boiled 80 sec. in 
methyl alcoholic KOH. The chlorin e was originally called phytoohlorin c. ^ Hot alkali or boiling 
quinoline or phosphoric acid at 140®, «Methylalooholio NaOH at 140 to 190®. Verdoporphyrin is 
first produced but changes to the stable rhodoporphyrin. / Continuation of the vigorous alcoholic 
caustic treatment. « Hot NaOR. ^ Decarboxylation. * NaOR. Chlorine is not isolated in the 
usual preparation of rhodoporphyrins and others in that series but oan be assumed to be present as an 
intermediate step of the more drastic treatment with alkali. 

Fig. 8*—Steps in the alkaline degradation of chlorophyll to porphyrin. 
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Structural formulas, arrived at by degradation and synthesis, are 
known for all these porphyrins (Fig. 9). To avoid the synthesis of all 
possible isomers needed for comparison, the sequence of groups was first 
established®® by insertion (the steps will be described later) of an ethyl 
group in the open position of pyrroporphyrin (X = H in Fig. 9) and 
comparison of the product after decarboxylation with mesoetiopor- 
phyrin III. The presence of an Unsubstituted position in pyrroporphyrin 
was originally demonstrated by preparing a bromo derivative and degrad¬ 
ing it to bromocitraconimide. As with protoporphyrin, sodium ethoxide 
converts the vinyl groups present in the 2- and 4-positions in chlorophyll, 
into ethyl radicals. 



Rhodoporphyrin X s® COOH 
Pyrroporphyrin X » U 
Mesoporphyrin IX X »■ P 


Me 


Me 


—vr 

Et jMe 

XT 

. -- - n 

H , 

! ^ 

I -NT ____XT_1 


CHj 

P H 



Et 


Me 


Phylloporphyrin. 

The methyl Rroup in the y 
position BuggestR that a chain 
of cai bon atomn may have 
been attached at this point in 
other related compounds. 


Fig. 9,—Structures of the porphyrins derived from chlorophyll a. 


Phylloporphyrin is the methyl homologue of pyrroporphyrin. Its 
marked difference in absorption spectra from the other porphyrins and 
its sensitivity to hydriodic acid suggest substitution on one of the con¬ 
necting carbon atoms. All four isomers were synthesized^® in order 
to establish by comparison the correct structure of the 7 -isomer derived 
from chlorophyll. 

A link^® between the chlorophyll and hemoglobin series is provided 
by conversion of pyrroporphyrin to mesoporphyrin by means of the 
sequence indicated below. Thus a relationship between heroin and 


Reagents 

(а) ClCHgOCHg + SnCl4 

(б) HCl 

(c) NaCH(C02R)2 

(d) NaOH, HX, heat 


Group Produced 
at Gg 
—CHaOCHg 
—CHaCl 

—CH2CH(C02R)2 
—CHaCHaCOsH 


®® Fischer, Weichmakn, and Zeile, Ann., 479, 248 (1929). 
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chlorophyll, first suspected in 1861 by Verdeil®® because iron, accidentally 
introduced into chlorophyll by use of a crude reagent, produced a hemin¬ 
like pigment and then indicated in 1879 by comparison of absorption 
spectra,*^ was in 1931 defined in exact terms by the brilliant investigation 
of Hans Fischer. 


Me n- ^11 Et Me j-, Et 

-C-^-' N 'Br 

H HBr 

H02C,t::-N-p:r^C - N-.CH, 

Me^“^ 'P xU "Me 
X - rOORjX' - OOOH 


Me ,i-Ti Et 

-N 

CH 


HC 


--r, Et Me, 

N~^l-C-=-—Lj 

H 




1 —i I 

H 

MeL^-Jp X'' 

Rhodoporhynn 


H 

N 


Me 


p -Me 


Mef:: 

, Et P 

_ 

,Me 




Et 


H 

J 

1 

1 

1 1 


H 

Mej 



Br" N-"— 

C 

- 1 

N 'CHa 

Ln ' 


C 


N 


H 



HBr 5 

H 


8 







CHaCv 




aCR 

HBr 



H 

1 




H 1 


HsCHaC, N -t- 

C 

— n 

N ,Br 

1 N- 


c 

— 

N ' 



H 




1 

H 

1 



Br —= Me 


Et • 

— - 'Me 

— ~ 

'Mo 


Et' 

- 

Me 


Y-I^hyllopoi phyrm 


« Condensation followed by hydrolysis. Pyrotartanc acid fusion. 

Fig. 10.—Synthesis of ihodoporphyrin XV and 7 -phyllopoiphyiin. 


Pheoporphyrin and Phylloerythrin ,—Hydriodic acid at 50® converts 
chlorophyll or pheophorbide into porphyrins (Fig. 13) which are more 
closely related to the original material than are the products obtained 
by the brutal alkali treatment. 

HCl HI ^ HI 

Chlorophyll a —> pheophorbide —> pheoporphyrin —> phylloerythrin 

Pheoporphyrin has a carboxyl, a carbomethoxy, and a ketone group. 
Elimination of the carbomethoxy group during the reaction leads to 
phylloerythrin, the formula ol which is indicated by (a) its conversion 
with sodium methoxide to rhodo-, phyllo-, and pyrro-porphyrin; (b) its 
aerial oxidation in methyl alcoholic potash to rhodoporphyrin-y-car- 
boxylic acid; and (c) its reduction by the Wulff-Kizhner process to 
desoxophylloerythrin, which is also obtained by the action of hydro- 
bromic acid on pheophorbide at 180® in acetic acid. This picture of its 
structure is completed®* by the synthesis of desoxophylloerythrin, which 
in turn can be oxidized with sulfur trioxide and sulfur to phylloerythrin. 

M V®R»EIL, Compt rend., 88 , 689 (1851). 

87 Hoppe-Seylbb, Z. physiol. Chem., 8 , 339 (1879); 4 , 193 (1880). 

8* Fischer, Hbckmaikb, and RiEt>MAiR, Ann., 494 , 86 (1932); Fischer and 
Eiedmair, ibid., 499 , 288 (1932). 
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II 



HC=CH 

O (6) 

Fia. 11.—Compounds needed for synthesis of desoxophylloerythrin. (6) Partial formula for 
(a) desoxophylloerythrin, (6) phylloerythrin. 

These compounds have an important bearing on the problem of the 
structure of chlorophyll for they show the presence of a carbocyclic ring. 
Their isolation is made possible by the gentle action of hydriodic acid, 
which, under these conditions, is comparable to the biological degradation 
of chlorophyll to phylloerythrin, which is found in the feces of cows, the 
bile of sheep,®® and the bile of oxen.®® 

Chloro'porphyrin Ca is obtained as one of the products from chlorin e 
by gentle reduction with hydriodic acid in acetic acid. Its partial 
structure®^ is shown below. It can be converted to dcsoxophyllo- 
erythrin by sodium ethoxide. The formula has been established by 
synthesis. 



Deuteroporphyrin is a putrefaction product of blood in which the 
vinyl group in protoporphyrin is replaced by a hydrogen atom. It 
forms a dibromo-derivative, which by oxidative degradation yields 
bromocitraconimide. It is synthesized®® from a mixture of 4,5-dimethyl- 
pyrryl-3,5-dimethyl-pyrrolenmethene hydrobromide and bis (5-bromo-4- 
methyl-3-propionic acid pyrryl)-methene hydrobromide in succinic acid at 
180 to 190^ 

Uroporphyrin III is obtained from the urine of patients afflicted 
with idiopathic porphyrea. The two groups present are acetic acid and 
propionic acid. Elimination of four molecules of carbon dioxide by 
1 per cent hydrochloric acid at 180 to 190° converts the compound to 
coproporphyrin, which is l,3,5,8-tetramethylporphin-2,4,6,7-tetrapro- 
pionic acid. 

Mabohlbwski, Z. physiol Chem., 45,176 (1905); Fischer, ihid.^ 206,255 (1932). 

«®LdBiscH and Fischler, Momtsh., 24, 335 (1903); Fischer, Z, physiol Chem.^ 
96, 293 (1915). 

Fischer, MOller, and Leschhorn, .4nn., 528, 165 (1935). 

«* Fischer and Kirstahlbr, ibid., 466, 178 (1928). 
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Porphyrins have been found in bitumen from oil shale.®® Trinidad 
oil contains as high as 0.047 of total porphyrin. A bituminous marl from 
Switzerland contains 0.4 per cent as a vanadium complex. These figures 
are remarkably high, in view of the fact that the total porphyrin content 
of dried leaves is 0.8 per cent. Separation is effected by chromatographic 
adsorption. Identification rests on absorption spectra. Desoxophyl- 
loerythrin, mesoporphyrin, mesoetioporphyrin as well as other products 
have been found. The porphyrins from chlorophyll are more abundant 
than those from hemin. The discovery of these substances throws an 
interesting light on the formation of petroleum. Since the carboxylated 
porphyrins will lose carbon dioxide at 240° in a week, Triebs estimates 
that the temperature of petroleum formation did not exceed 200°C. 

Phorbins. —Chlorophyll,®^ named from the Greek word meaning 
green leaf,” is considered to be a derivative of the hypothetical phorbin,®® 



CO 2 Phytyl 

Fio. 12.—Structural formulas for phorbin and for chlorox)hyll. 

which is a dihydroporphyrin with a carbocyclic ring. As isolated by 
acetone extraction of green leaves, chlorophyll is a dark-green wax consist¬ 
ing of chlorophyll a, CB6H72N405Mg, and chlorophyll 6, CB 6 H 7 oN 406 Mg. 
In higher plants, the ratio of a to 6 is approximately 3:1. In some algae, 
the h form is absent. The bluish-black (bluish green in solution) chloro¬ 
phyll a can be separated from the yellowish-green chlorophyll h by 
extraction of a petroleum ether solution of the mixture with 90 per cent 
methanol. Chromatographic adsorption on calcium carbonate or on 

Tribes, ibid., 609, 103 (1934); 610, 42 (1934); 620, 144 (1936); Tribes and 
Dii^blu, ibid., 617, 172 (1935); Shbffard, Bull, Am, Assoc, Petroleum Geol., 28, 
No. 7, 1944. 

(a) Tribes, Z, angew, Chem.^ 47, 294 (1934); (6) Armstrong, J, Soc. Chem, Ind.^ 
62, 809 (1923); (c) Dietz, J. Chem. Education^ 12, 208 (1925); (d) Steele, Chem. Rev.^ 
20, 1 (1937); (e) Pischep, ibid.^ 20, 41 (1937); (/) Linstbad, Ann. ReportSy 84, 369 
(1938). 

^ Fischer, Herrlb, and Kellermann, ibid.y 624, 222 (1936). 
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sugar or acid fractionation of the pheophorbides will also separate the 
two series. ‘ The more abundant chlorophyll a has received the greater 
attention. Except for a formyl instead of a methyl group on ring II, the 
structure of the two compounds is alike. 

The waxlike property of chlorophyll is caused by the presence of the 
phytyl group C2oH89()II or CH3CH(CH8)CH2CH2CH2CH(CH3)CH2Cn2- 
CH2CH(CH8)CH2CH2CH2C(CH3)=CHCH2()H. 


iiri 


(Chlorophyll a 
Oxalic I acid 

Pheophytin a 
|HC1 

—> Pheophorbide a < - 


Eton 

extraction 

C»H.„N.OMg{ggggH«^ 

Ethyl chloro- 
phyllide a 


HCl 


73 

C 

03 


O 

£ 


43 

CU 

u 

f£ 


DraHtic 

alkali 

treatment 


i 


I Hot alkali 
j for 30 860 . 

J 

(00211 
C3,H33N4{ COall 

1(C02H 
Chlorin e 


HI 

at 60* 


Hhodoporphyrin Chloroporphyrins 

Phylloporphyriii 

Pyrropqrphyrin 

Pyrropiioporphyrin 


HI at 
50® 


Pheoporphyriris a 

(h. 

Phylloerthyrin 

i 


Dcsoxophylloeryihrin 

Fig. 13.—Some degradation products of chlorophyll a. 


If ethyl alcohol instead of acetone is used as the solvent for extraction, 
the phytyl group is replaced by ethyl. The position of the phytyl group 
is determined®® by pyrolysis of pheophorbide a; the carbomethoxy group 
escapes but the carboxyl group survives. Sueh stability is characteristic 
of the propionic acid group, which must therefore support the phytyl 
radical. 

All metal-free derivatives of chlorophyll a with the carbocyclic ring 
intact and the two hydrogen atoms in positions 7 and 8 are known by the 

®« CoNANT and Hyde, t/. Am, Chem. Soc.^ 61, 3668 (1929); Conant, Dietz, 
Bailey, and Kammerlin, ibid,, 63, 2382 (1931); Fischer, SUs, and Klebs, Ann,, 
490, 38 (1931). 



94 


THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS 


class name of phorbides or phorbins.®® If the ring is opened, they are 
known as ^^chlorins’^ (rhodins in the h series). Purpurins are derived 
from the mild oxidation that takes place in the phase test (oxidation at 
Cio). If the vinyl group is reduced to ethyl, the prefix meso- is attached. 
Porphyrins of the chlorophyll series do not have extra hydrogen atoms 
attached to ring IV but may have the carbocyclic ring, in which case they 
are known as ^^pheoporphyrins.^’ 

Many suggestions for the structure of chlorophyll have been made. 
A recent one by Fischer®'^ is shown in Fig. 12. This formula cannot be 
considered final until confirmed by synthesis, but regardless of that point, 
this proposal or any other that may supersede it must account for the 
following facts: (a) formation of porphyrins as already described; (6) 
existence of a vinyl group whose presence is revealed by reaction with 
diazoacetic ester (Fig. 14) and whose location is disclosed®^ by a series 
of steps (Fig. 15) that lead eventually to another porphyrin, whose struc¬ 
ture is known by synthesis; (c) formation of a benzoyl derivative, 
and also an oxime, from chlorophyll and the pheophorbides, suggestive 
of the presence of a jS-keto acid system at atoms 9 and 10; (d) optical 


H CO2B. H CO2H 

C C 



H 


« NaCHCOsH. * Oxidation. 

Fia. 14.- Partial foimula that shows the reaction of diazoacetic ester with a vin.>l 
group in compounds of the type of chlorophyll, phorbides, chloniis, purpurins, protohemin 
and proof of same by oxidative degradation. 


CH=CH2 „ ^1 CHCHa , n CHCH; 

4 1 1 4 I OH 


CCH3 

o 



® HI. ** H*0. Spontaneous loss of H. ^ Removal of the acetyl group by heating with oonc. HCl. 
Fig. 15.—Stepwise conversion of a vinyl to an acetyl group and removal of the latter with 

hydrochloric acid. 


activity®® present in chlorophyll, pheophytin, pheophorbide, pyrropheo- 
phorbide, chlorins, and purpurins and judged to be somewhere in ring IV 
(Fig. 16); (e) a dihydro unit, revealed by electrometric titration®® as a 
nitrogen atom of enhanced basicity; (/) a series of color changes (green 
to yellow to green) when chlorophyll, pheophytin, or pheophorbide in 
ether solution is treated with cold alcoholic alkali whereby oxidative 

Fischer and BOckh, ibid,, 616, 177 (1935) ; Fischer and Rose, ibid.j 619, 1 
(1935). 

Stoll and Wiedemann, Helv. Chinu Acta, 17, 163 (1934) ; Fischer, Riedmair, 
and Hasenhamp, Ann., 608, 224 (1934). 

CoNANT, Chow, and Dietz, J. Am. Chem. Soc., 66, 2185 (1934). 
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hydrolysis occurs and ultimately produces a purple colored product 
called ‘^pheopurpurin^'^® (Fig. 17); (g) the phenomenon of allomeriza- 
tion/® z.e., the loss of the ability to crystallize and to undergo the phase 



Pheophorbide Pyrropheophorbide Rhodoclilorin, 

also called 
chlorin / 


=c- 


CHa H — 


ri:i 


CHa 


H 


H -CHa 


Phyllochlorin Pyrrochiorin 

Fig. 16.—Partial formulas of some optically active degradation products from chlorophyll. 
The optical activity is in ring IV which has the structure shown in Fig. 12. 


test, which occurs when alcoholic solutions of chlorophyll or chlorophyll 
lides are evaporated to dryness and simultaneously absorb oxygen 
probably at Cio. 


=C- 

LJ!LJ ch. 


=C- 


HO,C 

H\c/ 

0 

=c- 


H02C(^ 


_J 


\c/ 

OH 


CH, 




HO2COH 

OH CO2H 


r;] 

CH, CO 


! CH, HOsC ^ 



HO2C 


CO2H 


CO 2 H 


=C 

oi 


rnrjcB. 




Fig. 17.—Partial formulas that illustrate the changes supposed to occur in the phase test 
during oxidative hydrolysis of a ring structure that contains a keto carboxylic acid. 


Azaporphyrins.—When one or more of the methine groups that join 
the pyrrole nuclei in porphyrins is replaced by a nitrogen atom, the 
product is known as an ^'azaporphyrin.'' For example, two dibromo- 
pyrromethene hydrobromides, treated with ammonia, form a diaza- 
porphyrin. Some monoaza compounds can be formed by similar 
treatment in alcohol or pyridine solution. The action of phenyl hydra- 

’^CoNANr, Kammerlino, and Steele, tbwi., 68, 1615 (1931); Steele, 63, 
3171, (1931). 

Fischer, Habekland, and MI^ller, 4nn., 681| 123 (1936); Fi^CREa and 
ibid., 628, 1 (1937). 
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mne at 160 to 200® on the autoxidation product of 2,5-dimethyl-2-ethyl- 
P3rrrole-6-ethylurethane also leads to a diazaporphyrin.’^*. 

Me. 


Br 


c 

H 


3 

HBr 


Me Me 


Br 


HBr 
BrF=N- 


xjrpiN—-F= 

Mel==Jl 


H 

-N-nBr 


N 

L' 


-N- 

H 


-nH 


Me 


N 


Me Me 


N= 




Me 


Fig. 18.—Units for formation of diazacoproporphyrin II. 


Phthalocyanines.—In the industrial preparation of phthalimide by- 
passage of ammonia into molten phthalic anhydride in iron vessels, 
traces of a dark blue substance are often found in the molten imide. The 
insolubility in the usual aqueous and organic solvents enables an easy 
separation of this stable crystalline iron-containing compound from the 
imide. Hot nitric acid, aqua regia, or cold potassium permanganate 
decomposes it to phthalimide and a ferric salt; concentrated sulfuric acid 
at 100° changes it to phthalic acid, phthalimide, ammonium sulfate, or 
ferrous sulfate; and distillation with soda lime converts it to benzonitrile 
and ammonia. A carbon and hydrogen analysis shows an atomic ratio 
of 4 carbon to 1 nitrogen. Hence, two nitrogen atoms are present with 
every phthalic acid residue. Such results suggest that these phthalo¬ 
cyanines are derived from dehydration products of phthalamide. 


O C(0)Nn2 

C(0)NH2 


A blue magnesium phthalocyanine^® is obtained from o-cyanobenzamide 
NC*C6H4*C(0)NH2 and magnesium oxide at 240 to 250° in the presence 
of naphthalene as a diluent. Phthalonitrile,’^ o-C 6 H 4 (CN) 2 , readily 
forms similar blue products when heated with magnesium oxide, cuprous 
chloride, and similar compounds. Molecular-weight determinations in 
boiling naphthalene indicate four units in the molecule. The most 
reasonable conclusion compatible with these facts is that the phthalo¬ 
cyanines consist of four isoindole rings with extracyclic nitrogen atoms. 
X-ray measurements^® confirm the tetrazoporphyrin structure. 

The preparation from phthalimide consists in a treatment with con¬ 
centrated ammonia to obtain the phthalamide, followed by dehydration 

« Fischer, ibid., 527,1 (1936). 

^»Linstead, /. Chem. Soc., 1016 (1934); Byrne and Linstead and Lowe, ibid., 
1017 (1934). 

Linstead and Lowe, ttnd., 1022 (1934); Dent and Linstead, {bid,, 1027; 
Barrett, Dent, and Linstead, ibid., 1719 (1936). 

"Linstead and Robertson, ibid., 1736 (1936). 
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with hot acetic anhydride to obtain cyanobenzamide and then treatment 
at 240 to 260° in naphthalene with magnesium oxide, antimony, iron, 
ferric oxide, ferrous sulfide, nickel, nickel oxide, cobalt oxide, or many 
other metals and oxides. When phthalonitrile, made by prolonged 
boiling of phthalamide with acetic anhydride, is heated with magnesium 
or copper, the blue magnesium or copper phthalocyanine is formed. 
Phthalimide^® itself will form the large ring compound when heated with 
metallic magnesium in a stream of ammonia. 



Fig. 19.—Formula for the copper phthalocyanine. 

The bright blue copper phthalocyanine is one of the most stable com¬ 
pounds in the series. It is unaffected by molten potassium hydroxide, 
by boiling hydrochloric acid, or by solutions in concentrated sulfuric 
acid. It can be sublimed at about 580° under, low pressure in an inert 
atmosphere. 

Conversion from the metallic salt to the free phthalocyanine is accom¬ 
plished by sifting the solid material into concentrated sulfuric acid at 
about —3° with stirring. After filtration, the metal-free compound is 
precipitated by pouring on ice. Some decomposition to phthalimide 
occurs during the process. The free phthalocyanine may also be pre¬ 
pared by the action of sodium or potassium amylate in an amyl alcohol 
solution of phthalonitrile at 140°. 

The greenish-blue phthalocyanine dissolves in cold concentrated 
sulfuric acid, from which it can be recovered unchanged. By hydrolysis 
in hot sulfuric or nitric acid, half the nitrogen appears as an ammonium 
salt and the remainder as phthalimide. It can be heated in a soda-lime 
glass tube until the glass softens with slight decomposition only to 
benzonitrile. The benzene ring can be halogenated or made to undergo 
other conventional reactions. 


Problems 

1* Give the products obtained from the following: (a) 2,4-Dimethylpyrrole in 
acetic acid, treated with bromine.’^® (6) Hemopyrrole (2 g.) in 5 cc. of alcohol and 
^® Fiscbeb and Scheteb, Ann., 484, 237 (193). 
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1,1 cc. of 40 per cent formaldehyde solution, treated with 5 drops of concentrated 
hydrochloric acid.® (c) 2,4-Dimethyl-3-aldehydopyrrole, heated in an alcoholic 
formalin solution.®* (d) 2,4-Dimethyl-3-acetylpyrrole with glyoxal.^^ (c) Crypto- 
pyrrylmagnesium halide with butyryl chloride, (/) Furfural and cryptopyrrole in 
acetic acid with a trace of hydrobromic acid. ijg) Thiophene-a-aldehyde and 
cryptopyrrole in alcohol solution with a few drops of hydrobromic acid.^® {h) A 
solution of bromine in acetic acid added slowly with trituration to a solution of 
2,4-dimethyl-3-propylpyrrole in acetic acid, so as to obtain the maximum effect of 
bromine.^® (?) 2,4-Dimethyl-3-acetyl-5-carbethoxypyrrolc in dry ether, heated on a 
water bath, with 4 moles of sulfuryl chloride, (j) Sulfuryl chloride (2 moles) in 
anhydrous ether added, with stirring, to a dry ethereal solution of 2,4-dimethyl-3- 
carbethoxypyrrole. 

2. Formulate the reaction for 3,5,3',5-tetramethyldip 3 rrryl ketone, heated for 
2 hr. at 100 to 110® in a sealed tube with a solution of phosgene in toluene.®* 

8. Give the products obtained under the following conditions: (a) 2,5-Dimethyl- 
3-aldehydopyrrole and 2,4-dimethyl-3-carbethoxypyrrole with concentrated hydro¬ 
chloric acid.*^ (b) 2,5-Dimethyl-3-aldehydopyrrole with 2,4-dimethyl-3-carbethoxy- 
pyrrole in concentrated hydrochloric acid.®^ (c) 2,3-Diincthyl-4-carbethoxy-5-alde- 
hydopyrrole with 2,5-dimethyl-4-earbcthoxypyrrole and concentrated hydrochlorid 
acid.^® (d) 3,4-Dimethyl-5-carbethoxy-2-aldehydopyrrole with 2,3,4-trimethylpyr- 
role in acetic acid with a few drops of hydrobromic acid.®* (g) 2,4-Dimethyl-3-cyano- 
5-carbethoXypyrrole with formic acid in the presence of hydrobromic acid.®-^ (/) 

3- Amino-2,4-dimethyl-5-carboxypyrrole with formic acid in the presence of hydro- 
bromic acid.*^ {g) 2-Methyl-5-carbethoxy-3-(/3-propionic acid)-pyrrole heated with 
formic acid in a water bath.®® 

4. The following syntheses are carried out to obtain intermediates for the syn¬ 
theses of porphyrins. Name the products of the reaction of (a) 3,4',5'-Trimetliyl-3'- 
ethyl-4-carbethoxydipyrrylmethane hydrobromide with bromine in solution in acetic 
acid.^’ (b) 3,3'-I)imethyl-4,4‘-dipropyl-5,5'-dicarboxydipyrrylmethane with bromine 
in solution in formic acid.®<' (c) 3'-Bromo-4,4',5-trimethyl-3-ethyl-5'-carboxydipyr- 
rylmethene with bromine in solution in formic acid.®^ (d) 3,5,3',5'-Tetramethyl- 
4,4'-dicarbethoxydipyrrylmethane with ferric chloride.®^ (c) Bis (3-propionic acid- 

4- methyl-6-carbethoxypyrryl)-methane dissolved in acetic acid and tr(‘ated with 
concentrated ferric chloride solution on a water bath at 60°. 

6. State the products obtained from the reaction of 5,5'-Dibromo-3,3'-di- 
methyl-4,4'-diethylpyrrylmethene hydrobromide heated at 195° in the presence 
of succinic acid with 4,3'-dimethyl-5,5'-di(bromomethyl}-3,4'-diethyldipyrrylmethene 
hydrobromide. 

6. What is the product of the following reactions? (a) 1-Hydroxy 1-2,5-di- 
methyl-3,4-dicarbethoxypyrrole heated with formic acid with addition of some 

” Fischer and Eismaybr, Ber., 47, 2019 (1914). 

’•Fischer and Nenitzescu, Z. physiol Chem.j 146, 303 (1925). 

Fischer and SchormIIller, Ann,, 482, 232 (1930) ; Fischer, Goldschmidt, and 
NtissLBR, tbid,, 486, 1 (1931); Fischer and Bellbr, ibid,, 444, 238 (1935). 

•® Fischer, Stxjrm, and Friedrich, ibid,, 461, 267 (1928). 

“ PiLOTT, Krannich, and Will, Ber., 2531 (1914). 

••Fischer and Hierneis, Ann., 492, 31 (1931). 

«* Fischer and Rothbmund, Ber., 68, 2252 (1930). 

«* Fischer and Zeile, Ann., 488, 262 (1930). 

«• Fischer and Hussong, ibid,, 492, 148 (1932). 

«• Fischer, Goldschmidt, and N^ssler, ibid., 486, 40 (1931). 

»’ PiLOTY, Krannisch, and Will, Ber., 47, 2531 (1914). 



Z)/. AND POLY^PYREYL COMPOUNDS 


99 


perchloric acid.®® (6) 2,4-Dimethyl-3-cyano-5-carboxypyrrole*® or 3-aniino-2,4-di- 
methyl-5-carboxypyrrole®® treated with formic acid in the presence of hydrobromic 
acid. The empirical compositions of the three products obtained in this (*xample are 
respectively (h3Hi7N206Cl, ('i6Hi5N4Br, and CiaH2iN4Br8. 

7. The presence of a vinyl group in mesoetioporphyrin and in chlorophyll can 
be demonstrated by the use of diazoacetic ester. How would you prove that the 
vinyl group had been attached to a pyrrole nucleus instead of to one of the met hone 
carbon atoms 

8 . a,j8,7,5-Octamethylporphinogen might form by heating pyrrole, acetone, and 
hydrochloric acid on a water bath. Write the formula for the proposed compound.®- 

9. Pyrroporphyrin, derived from chlorophyll, differs from niesoporphyrin 
derived from hemin by the presence of a hydrogen atom instead of a propionic acid 
group in position 6. How would you convert mesoporphyrin to pyrroporphyrin! 
Compare your proposal with the one actually used.®® How would you convert 
pyrro- to meso-porphyrin®® and deutere- to proto-porphyrin?®® 

10. Devise a synthesis for pyrroetioporphyrin (1,3,5,8-t(*tramethyl-2,4,7-tri¬ 
ethyl porphyrin)®®; for coproporphyrin I and for rhodoporphyrin 

11. How would you prepare a 5,5'-dibromopyrr()methene* hydrobromide from a 
pyrrole compound? What is the product of its reaction with ammonia?^^ (Use 
3-methylpyrrolo-4-propionic acid as the pyrrole compound from which this s(‘ries 
starts.) 

12. Give the products of the reaction of the following: (a) o-(Vanobenzarnido 
(40 g.) heated for 1 hr. at 260'’ with 10 g. of metallic antimony in 20 g. of naphthalene.^* 
(6) Phthalonitrilo (4 mole) heated at 150 to 180° with 2 moles of dry cuprous chloride. 
(c) Phthalonitrile heated to 150 to 195° with cupric acetate.’^ (d) Phthalonitrile 
refluxed with anhydrous zin(‘ chloride. 

13. What product is possible when a solution of cryptopyrrole is refluxed with 
acetone mesityl oxide or phorone in the presence of hydrochloric acid?®* 

14. What is the product obtained from heating the following? (a) One gram of 
5-hydroxy-2(chloromethyl)-4-methyl-3-carbethoxypyrrole dissolved in benzene on a 
water hath for 2 hr. with 0.5 g, of opsopyrrole.^* {b) 3,3'Dimethyl-5,5'-di(methoxy- 
methyl)-4,4'-diethyldipyrrylmethene with 2,4-dimethyl-3-acetylpyrrole in benzene 
solution on a w’ater bath.®* 

16. Write the equations for the reactions that result when cryptopyrrole is 
treated with ethylmagncsium bromide and the product of this step is allowed to 
stand overnight with a solution of phosgene in toluene.® 

®* Fischer and Smeykal, ?5^d., 67, 544 (1924). 

®® Fischer and Rothbmund, 63, 2252 (1930). 

®® Fischer and Zeile, Awn., 483, 262 (1930); 468, 98 (1929). 

Fischer and Mbdick, tbid.^ 617, 246 (1935). See also Ref. 64e. 

®® Fischer, Hai^ig, and Walach, tMf., 462, 273 (1927). 

®* Fischer, Berg, and SchormOllbr, Ann., 480, 109 (1930); Fischer, Kirstahler, 
and Zychunhki, ibid., 600, 1 (1932). 

®* Fischer, SchobmOller, and Windeckeb, ibid., 498, 284 (1932). 
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CONDENSED PYRROLE SYSTEM 
INDOLES 

By 1866, two derivatives only of indigo blue were known; one was 
indigo white, and the other isatin. In a study of the constitution of 
indigo, Baeyer elected to reduce isatin, the more stable of the two deriva¬ 
tives, with sodium amalgam in alkaline solution and obtained dioxindole. 
By reducing in acid solution with tiu and hydrochloric acid or with 
sodium amalgam, he removed one of the oxygens and obtained oxindole.^ 
Both compounds were named as derivatives of indole, the then unknown 
hypothetical parent of the indigo compounds. Later, in the same year, 
he removed the last oxygen by heating with zinc dust and thus obtained 
indole.^ Historically, this last reaction has the added interest that it 
was the first time a zinc-dust pyrolytic degradation was made. 

Although indigo has contributed its name to the series and furnished 
an early incentive for study, it is by no means the sole important com¬ 
pound. Members of this group are widely distributed in nature as 
alkaloids, products of putrefaction, and dyes. The study of these com¬ 
pounds has greatly enriched organic chemistry. 



Oxindole Dioxindole Isatin 


H 

Indoxyl 

Fio. 1.—Naming and numbering of indole compounds. 

Methods of Synthesis.—In 1883, Fischer® was studying the properties 
of the phenylhj^razone of pyruvic acid and found the remarkable behav- 
i Baeyer and Knop, Ann., 140, 9 (1886). 

» Baeyer, ibid,, 140, 296 (1886); Suppl Bd., 7, 66 (1870). 

’Fischer and Jourdan, Ber., 16, 2241 (1883); Fischer and Hess, 17, 669 
(1884); Ann., 836, 126 (1886). 
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ior with acids, which in the succeeding years has become one of the out¬ 
standing methods for the synthesis of indoles and is known as the Fischer 
indole synthesis (see below). The elimination of ammonia^ from the 
phenylhydrazone occurs under the influence of alcoholic hydrochloric 

Rnnh. " R™4oo.h ^ R'-n j 

CH, OH, < H, 

<* Condensation of the hydrazine with pyruvic acid. HCl or ZnCh. 


acid, sulfuric acid, cupric chloride, cupric bromide, platinous chloride, or 
better, zinc chloride. The action of zinc chloride is catalytic; not more 
than 1 per cent is necessary. Condensation can occur even at room 
temperature, although heat is usually necessary. 

Robinson® explains the changes by assuming an enolization— a 
ketimine to enimine change—followed by an o-benzidine rearrangement 
with elimination of ammonium chloride (see below). 


R CH2 

I! 

—N—N—-CJCHa 

H H 


R-n Lh. 


CCH» 

NHbCI 


« The enimine form of the hydiazone acts as a hydrazo compound and rearranges. ^ Elimination 
of NH4CI. 


His proposal is in agreement with (a) the relatively mild agent necessary 
for indole formation in the case of readily enolizable hydrazones, such as 
the phenylhydrazone of phenylacetaldehyde, which forms an acetyl 
derivative with boiling acetic anhydride, and the hydrazones of aldehydes 
or ketones with negative groups in the beta position to the carbonyl, as 
contrasted with the more vigorous treatment (zinc chloride at 180°) 
needed for the preparation of an indole from the phenylhydrazone of 
acetophenone; (b) the similarity that the process has to the known 
o-benzidine rearrangement of a-hydrazonaphthalene, which is an inter¬ 
mediate step in the preparation of the dibenzcarbazole as shown below; 



® SnCls + HCl. One double bond only ia pictured in order to illustrate better tlie similarity to 
the proposed mechanism. 


and (c) the successful application of the principle to a new synthesis 
of tetraphenyl and tetraanisylpyrrole in excellent yield.® 

< Fischer, Ber., 19, 1663 (1886); Nbf, Ann., 266, 72 (1891); Arbuzov and 
Tiohvinskii, J. Russ. Phys. Chsm. Soc., 45, 69, 694 (1913). 

® Robinson and Robinson, J. Chen. Soc., 118, 639 (1918). 

• Kino and Paterson, ibid., 44 (1936); cf. Ref. 6. 
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RCH 2 H 2 CR « RC-CR R 

I 1 -- II II - 

RC=N—N=(ll R(^^ CR R 
NH2 HsN 

K * phenyl or anisyl. 

« Phenylbenzylketazine, previously prepared from desoxybenzoin and hydrazine hydrate, is treated 
\vith dry HCl at J80®. 



Reddelien’ offers another explanation, based on his observation tliat 
acetophenone anil is oxidized to 2-phenylindolc by phenylhydraziiie or 
phenylhydrazones (see Fig. 2). The products from the simultaneous 
reduction of the hydrazone to aniline and an imine combine to form an 
anil so that the process, once the initial step has been induced to occur, 



“ Fhenylhydrazine will oxidize the anil to indole and iinderao reduction to aniline and ammonia. 
An intermediate iiidolenine stage, C 6 H 4 1 CCeHs, is a likely intermediate that rearranges to the 
stable indole. 

^ The anil is regenerated by elimination of ammonia. 
r"ia. 2.—Fischer’s indole synthesis according to the intermediate anil mechanism of 

Reddolien. 


generates its own necessary intermediate and proceeds to completion. 
An adaptation of this mechanism to the case of N-substituted phenyl¬ 
hydrazones is shown below. 




CH 2 

C.Hj + C,Hi>NH + HsnI;C Jf, 
. I-^-1 


E 


Small K » alkyl group. 

« Oxidation of the amine by the hydrazone. * Condensation of the two amines by loss of NH« to 
form the starting material. 


The Japp-KUngemann synthesis^ provides a novel and valuable way 
to obtain the necessary hydrazone. Phenyldiazonium chloride and the 
sodium salt of a keto acid yield a phenylhydrazone with extrusion of the 
carboxyl group. If the carboxyl group is protected by esterification, 
the acetyl group is lost. These possibilities are illustrated below by the 
production of 2-acetyl-3-phenylindoIe or of ethyl 3-phenylindole-2-car- 
boxylate, depending on whether the sodium carboxyl or the acetyl group 
is eliminated.® 

’ Reddelxicn, v4nn., 888, 179 (1912). 

* Japp and Kungemakn, Ber., 21, 549 (1888). 

* Manske, Peeeik, J»., and Robinson, J, Chem, Soc.j 1 (1927). 
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HiCCeH. 

NHN=ic(0)CH, 


HjCCeHi 


NHN 


4 


CO,Et 


‘ D— 

H 


-j.C.H. 

vo^JcO,Et 

H 


»Na[C(C0Cn»)(CH2C6H6)(C08Na)]. Extrusion of the carboxyl group. * HCl aq. 
I (COCKaXClIsCJIfilCCOaEt)]. Extrusion of the acetyl group. Ale. HCl. 


NalC- 


A aecond general method of synthesis uses the reaction of arylamines 
with a-halogenated ketones.^® A phenacylaniline, isolable at low tem¬ 
peratures, but usually not separated, is the first product. A second 
molecule of the aniline completes the reaction. Compounds such as 
a,jS-dichloroeth 3 d ether, which dissociates to chloroacetaldehj^de during 
the reaction, are suitable agents also in place of the ketone. 


C&mh + BrCH20(0)C6H5-^CVl6NHCH2C(0)C6H6 



H 2 CNHC 6 n£> Heat 

oI:c,H4 



+ HjO + C 6 H,NH 2 


A third method for the preparation of indoles consists of an intra¬ 
molecular Claissen condensation of an acyl or aroyl derivative of an 
a-toluidine. This useful reaction, known as Madelung^s,^^ gives good 

N»OEt n I 
H 


results with the acetyl and benzoyl derivatives, but not with the formyl. 
The oxalyl derivative, employed in this way, was the basis for a novel 
synthesis of indigo (see page 132). 


o o 

I C—NH- I \ l\ NH 



Keagent sequence: hot NaOCfiHu, HNO4, NasS804. FeClg, hydrolysis of the diimine. 

i®MttHLAu, Ber., 16, 2480 (1882); Bischleb, ibid.y 26, 2860 (1892); Bischler 
and Fireman, ibid., 26, 1336 (1893). 

Bbrunerblatj, Monatsh,, 8, 180 (1887); Berlinerblatt and Poukiev, ibid.j 
8, 187 (1887); Wolff, Ber., 20, 427 (1887); 21, 123, 3360 (1888). 

« Mapblung, Ber., 46, 1128 (1912); Verlbt, Bull aoc, c^m. (4], 85, 1039 (1924); 
Salway, J, Chem. Sac., 103, 361 (1913), 
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The common procedure for the synthesis of indigo is available also 
as a method for the synthesis of indoles^® (see page 122). Some other 
methods^^ that have been used are (a) pyrolysis of N-methyl-o-toluidine 
with nickel at 300 to 330°; ( 6 ) nitration of phenylacetone, reduction of 
the product, and then dehydration; (c) condensation of o-nitrotoluene 
with ethyl oxalate, reduction of the o-nitrophenylpyruvic acid product 
followed by decarboxylation. 

Reactions of Indole* —In general, the reactions of indole are similar to 
those of pyrrole, modified by the presence of a benz nucleus. One impor¬ 
tant difference, however, is that the reaction of indolylmagnesium bromide 
(from indole and ethylmagnesium bromide) with alkyl halides yields 
largely a 3-alkylindole^® instead of a 2-derivative. This difference is 
either the result of activation of the C 3 position by the adjacent benz 
ring, as in naphthalene, or the result of a shortened ketimine-cnimine 
system as discussed on page 62. Both factors may operate. 

The reaction with sodium alkoxide at high temperatures, whereby 
alkyl groups arc introduced, occurs with a-methylindole only, not with 
indole or 3-methylindole.^® Amyl nitrite^^ gives jS-isonitrosoindole 
derivatives. If the beta position is already occupied by a substituent, 
amorphous products form. Chlorine and bromine react violently 
and form tars. The reaction Ls moderated by an N-benzoyl group. 
3-Chloro- or 3-bromo-N-benzoylindole results.^® Dilute ammonia or 
alcoholic sodium ethoxide then removes the benzoyl group. A molecule 
of sulfuryl chloride introduces a chlorine atom into indole at C 2 or C 3 ; 
two molecules yield the 2,3-dichloroindolc.^® Iodine acts less vigorously 
than the other halogens and forms 3-iodoindole'^° in cold dilute alkaline 
solution. A methyl group at C 2 does not interfere with this reaction, 
but one at C 3 does. Some oxidation to indigo simultaneously occurs. 

The above reactions show the influence of an imino system which, 
phenol-like, makes substitution on the nucleus easier or, end- and keto- 
like, undergoes ketimization to the indolenine or ammono aldehyde form. 
Hence the Kolbe synthesis (chloroform and alkali) yields /S-aldehydoin- 
dole,^^ together with much 3-chloroquinoline by ring expansion, the 

VorlXnder and Apelt, Ber., 37, 1134 (1904). 

Carrasco and Padoa, Gazz. chim. ital,, 36, II, 512 (1906) ; Baeyer and Jackson, 
Ber.y 18, 187 (1880); Polyakova, Maalohoino Zhirovoe Delo, 11, 452 (1935); C.A., 30, 
4869 (1936). 

Oddo, Gazz, chim. ital.y 68, 315 (1934). 

Oddo and Alberti, ibid., 63, 236 (1933); C.A,, 27, 3933 (1933). 

Ajello, Gazz. chim. ital., 69, 460 (1939). 

Wbissgbrbbr, Klemm, Hbrz, and Kraft, Ber,, 46, 651 (1913). 

Mazzara and Borqo, Gazz. chim. ital., 36, II, 563 (1905). 

Pauly and Gundbrmann, Ber., 41, 3999 (1908). 

Eltanoer, ibid., 39, 2515 (1906). 
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prevailing reaction with pyrroles; the acyl group of N-acylindole (from 



an N-sodium salt and acyl halide) undergoes thermal rearrangement 
to the 3-position, a reaction for which the phenolic parallel is the Fries 
rearrangement; bisulfite forms a crystalline addition compound in which 
the ketimine form serves as an aldehyde; and aldehydes or compounds 
that contain an active carbonyl group condense with the active methylene 
group at Ca. 

Addition of hydrogen at the 2,3-bond of indole occurs readily by 
an electrolytic method at a lead cathode in aqueous alcoholic sulfuric 
acid. At 200° over nickel, indole is hydrogenated to 2-ethylcyclo- 
hexylamine;23« at room temperature over platinum, it is reduced to 
dihydro- and octahydro-indole;^^^ at 170 to 190° over copper chromite 
catalyst, it is converted to 2,3-dihydroindole; and at 250° over Raney 
nickel, it is reduced to octahydroindole.^^ Introduction of a phenyl 
substituent in the 2-position of indole causes the selective hydrogenation 
over copper chromite at the 2,3-position in indole to take place at 155°, 
conditions almost as mild as those required for a simple olefin bond 
or for the 9,10-position in phenanthrene. Over copper chromite, the 
phenyl group of 2-phenylindolc is hydrogenated at 190°, a temperature 
so low as to warrant the assumptions^ that the hydrogens in the 2,3-di- 
hydro product move to a position in the aromatic nucleus, in much the 
same way as the hydrogens in 9,10-dihydrophenanthrene migrate to the 



CHaCHCeHs 


NH 



CH=CC6n7 


-NH 



CH2CH3C6H4 


R CH^CHCeH® 
- 1 


benz nucleus so that tetrahydro- or sym-octahydro-phenanthrene is 
eventually formed. The two hydrogens in 2,3-dihydrophenylmdole may 
be removed by stirring with palladium in boiling xylene. 2 ^ 

Oxidation with permanganate readily opens the ring. Amorphous 
masses result unless the imino system is protected by benzoylation.^® 
The product is benzoylanthranilic acid which by hydrolysis changes to 
anthranilic acid. 

The dihydro-N-benzoyl derivative undergoes ring opening®* also 
when chlorinated with phosphorus pentachloride at 150 to 160° and 
**v. Braun and Sobbcki, Ber., 44, 2159 (1911). 

** (a) V. Braun and Bayer, ibid,, 68,387 (1925); (5) WillstXttbr fend Jacquet, 
ibid., 61, 767 (1918). 

** Adkins and Coonbadt, J. Am. Chem. Soc., 68, 1563 (1941). 

»*v. Braun and Stbindorff, Ber., 87, 4581 (1904). 
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changes to the imide chloride. In the illustration below, the product of 
these steps, after hydrolysis, is benzoyl-o-(i8-chloroporpyl)-anilide. 


IX'vnxJhch. |\ 


C(0)CflH6 

a PCI*. » Heat ( 


-HCl). 


CiCUKUB., 

HaO. 


CUiCHCK, 

Cl 

N=C(C1)C6H6 


R Cn2CHCH3 
Cl 

NHC( 0 )CcH 5 


This method was mentioned in the case of pyrroles. It is a general 
reaction, the result of v. Rraun^s discovery 2 ® of a method for eliminating 
alkyl groups from a secondary amine. The amine is benzoylated or 
aroylated, and the amide thus formed is chlorinated with phosphorus 
pentachloride. The dichloride product will decompose in two steps, 
depending on the temperature. 

110 — 130 ® 

C6H6C(Cl2)NRR'-> C.H6(X(^1)==NR' + RCl 

160 — 170 ® 

CflH5C(Cl)=NR'-> CsB.C^N 4- R'Cl 

If either R or R' is aromatic, the first step only of pyrolysis results, and 
the chloramine product then undergoes partial hydrolysis to a substituted 
anilide or complete hydrolysis to a primary amine. The reaction is 
therefore a means for converting a secondary to a primary amine. The 
first application of this method for the opening of a cyclic amine was 
made to piperidine and to tetrahydroquinolinc^'^ and shortly thereafter 
to 2-methyldihydroindole.2® 

Indoles show the pine-splinter test of pyrroles. Ehrlich\s test-^ for 
indole is the pink color formed with p-dimethylaminobenzaldehyde in 
the presence of 12 per cent hydrochloric or 85 per cent phosphoric 
acid. Since other compounds may interfere, the indole must be sepa¬ 
rated by steam distillation or by extraction with chloroform. Pic- 
rates and styphnates are useful for characterization, as is also the bisulfite 
compound. 

Compounds. —Indole (m.p, 52®, b.p. 254 d.) is present in the coal-tar 
fraction that boils from 220 to 260®. Separation is effected by bisulfite^ 
or by treatment with sodamide^® at 150 to 160®, or with sodium hydroxide 
at 190 to 200®, after phenolic bases have previously been removed by 
aqueous sodium hydroxide. Any N-sodio derivative thus obtained 
can be treated with water, methyl iodide, benzoyl chloride, or with 
carbon dioxide at 190 to 200® to give indole, skatole, N-benzoylindole, or 
indolecarboxylic acid, respectively. 

**v. Braun, ibid,, 37, 2812 (1904). 

•’v. Braun, ibid., 37, 2915, 3210 (1904). 

**Ehrucm, Devi. med. Wochschr. 1, (1901); Chbrnofp, Ind, Eng, Chem., Anal, 
Ed,, 12, 273 (1940). 

WUJSSOERBBR, Ber., 43, 3520 (1910), 
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Indole is widely distributed. The presence of 1 to 2 per cent of 
indole in c^-methylnaphthalene, another coal-tar product, is responsible 
for the red color that develops in the practical grade of that compound.*® 
Perfumes, both natural and synthetic, contain small amounts as a valuable 
ingredient, although indole itself has a naphthylamine-like odor. Jas¬ 
mine flowers, for example, contain 2^^ per cent indole,*^ together with 
3 pel* cent jasmone, 0,5 methyl anthranilate, 65 per cent benzyl acetate, 
7.5 per cent linalyl acetate, 6.0 per cent benzyl alcohol, and 15.5 per 
cent linalool. The pi crate is used to isolate indole from this mixture. 
Orange-blossom oiP^ contains approximately 0.1 per cent. Butter** 
made from deccjinposed cream shows a relatively high indole content. 
The compound is present in many bacterial processes, in the feces of dogs, 
and frequently in the feces of man.*^ 

The formula of indole was originally deduced from its relationship to 
pyrrole and then was confirmed by preparation** from cinnamic acid, by 
the steps of nitration, reduction of the ortho product, and ring closure. 

Other principal methods for its preparation are (a) by Fischer^s 
synthesis from acetaldehyde; (6) by treatment of o-formotoluidide with 
potassium or potassium amide in liquid ammonia (about 50 per cent 
>’ield), with ^-butoxidc** in a metal bath at 360 to 380® (about 63 to 
79 per cent yield), or by fusion of the sodium salt of phenylglycine-o- 
carboxjdic acid*^ with two parts of alkali at 280 to 290®. This last 
method employs intermediates used in the synthesis of indigo. 

Electrolytic^^ or catalytic reduction over nickel** converts indole to 
dihydroindole. Sulfur at 115 to 125® for 2 days gives i8,/3'-bisindolyl*® 
(m.p. 286 to 287®), Methylmagnesium halide forms indolylmagnesium 
halide, and this product in turn reacts with chloroacetonitrile to give 
jS-indoly lacetonitrile. 

• 2-Methylindole (m.p. 59°, b.p. 119 to 126®/4 mm.) is prepared by 
methods analogous to those used for indole. For example, acetyl-o- 
toluidine gives an almost pure product in 80 to 83 per cent yield when 
heated with sodium amide'*^ at 240 to 260® in an atmosphere of nitrogen. 

Kharascii, Kane, aod Brown, J. Am. Chem. Soc.^ 62, 2242 (1940). 

31 Hesse, Ber., 82, 2611 (1899); 33, 1585 (1900). 

33 Hess and Zeitschee, J. prakt. Chem. [2], 66, 481 (1902). 

33 Clarke, et. al.j J. Assoc. Official Agr. Chem., 20, 481 (1937). 

3* Herteh, j. Biol. Chem., 4, 101 (1908). 

33 Baeyer and Emmerling, Ber., 3, 514 (1870). 

33 Tyson, J. Am. Chem. Soc., 63, 2024 (1941); Org. Syntheses, 23, 42 (1943). 

3^ D.R.P. 85071. 

*3 Carrasco and Padoa, Gazz. chim. iial., 86, II, 512 (1906). 

33 Oddo and Rafpa, Gazz. chim. Hal., 69, 562 (1939). 

30 Majima and Hoshino, Ber., 68, 2042 (1925). 

31 Allen and Van Allan, Org. Syntheses, 22, 94 (1942). 
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Sodium ethoxide gives a yield of 60 per cent. Nitration of a-phenyl- 
acetone, reduction of the o-nitro product, and removal of water also 
give the 2-methyl homologue.^^** 


R CH2C(0)CH8 
NH2 



Z-'Methylindole (m.p. 95®, b.p. 266®/255 mm.), commonly called 
‘'skatole'^ from t 6 aKards^ meaning ‘‘feces,'' is the odoriferous constitu¬ 
ent^^ of human feces. Among a variety of methods, it is probably 
best prepared (74 per cent yield) from the phenylhydrazone of propion- 
aldehyde.®*^® It can be obtained also from indolylmagnesium iodide 
and methyl iodide.^^ 

The quantity of skatole®^ present in human feces varies with the age 
and healthiness of intestinal digestion. That from healthy children 
under ten seldom has any. From older individuals, there is usually not 
more than 0.0005 per cent sometimes increasing to 0.008 and 0.01 per cent. 
Skatole has been found also in Celtis reficulosaj a large tropical tree 
growing in Java, known locally by the Java equivalent of filth wood. 
The content is possibly less than 0.1 per cent. The fact that it is present 
only in old wood of the trunk, or in wounded branches, suggests that it is 
the product of some microorganism.**® Civet,^® a secretion from the 
African civet cat, used as a base in perfumes, contains about 0.1 per cent 
of skatole. 

Skatole is distinguished chemically from indole by the absence of an 
active methylene group in the pseudoindole form. Hence skatole gives 
no red color with sodium nitrite nor the blue-green color characteristic 
of the reaction of indole with sodium naphthoquinonesulfonate.**^ 

^Methylindole^^ is found, together with the 2- and 7-isomers, in coal 
tar. h-Methylindole (m.p. 58.5®) is derived by pyrolysis of 5-methyl- 
indole-2-carboxylic acid,^® itself secured by a Fischer indole synthesis 
from p-tolylhydrazine and pyruvic acid. 7-Methylindole (m.p. 85®)®® 
is derived by similar steps from o-tolylhydrazine. The N-methyl 
isomer is formed from indolylsodium and methyl iodide. 

« Bbieger, Ber,, 10, 1028 (1877); J. prakt. Chem. [2], 17, 124 (1878). 

« Arbusow and Tichwinsky, Ber., 43, 2302 (1910). 

Oddo, Ottzz, chim, ital^ 41,1, 221 (1911). 

Hbrter, J, Biol, Chem.j 6, 489 (1909). 

« Waubaitm, Ber,, 83, 1903 (1900). 

♦^Hbrter and Foster, J, Biol, Chem,y 1, 257 (1906); 2, 267 (1906). 

« Krtjber, Ber,, 59, 2752 (1926); 62, 2877 (1929). 

" Eobbon, j, Biol. Chem.f 62, 495 (1Q24). 

and Hobson, Biochem, J., 29, 555 (1935). 
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2f3-IHmethylindole (m.p. 105 to 106®) is made®^ from the phenylhydra- 
zone of methylethyl ketone and zinc chloride at 180°. Quantities of less 
than 1 per cent are formed®^ when aniline, aniline hydrochloride (but not 
the hydrobromide), and butadiene are condensed together. The action 
appears to be a 1,2-addition of the amine to butadiene followed by a 
ring closure. 

H H 

C=CH2 


N—CCH, 

H H H 

p-Toluidine, in a similar way, yields 2 per cent of 2,3,6-trimethyl- 
indole. The normal reaction with the diene is, of course, 1,4-addition, to 
give either a secondary amine, C 6 HbNH(C 4 H 6 )H, or a primary amine, 
H 2 NC 6 H 4 (C 4 H 6 )H. 2,3-Dimethylindolc does not respond to the pine- 
splinter test but does yield a yellow nitroso derivative (m.p. 63°) arid 
shows a positive Liebermann reaction. 

2-Phenylindole (m.p. 188 to 189° corr.) is best obtained®® in about 
80 per cent yield from acetophenonephenylhydiazone and anhydrous 
zinc chloride at 170°. It is formed also when benzoyl-o-toluidine is 
heated with sodium pentoxide, NaOCoHu. 

Pseudoindolesf sometimes called ^^ndolenines,^’ are prepared by 
alkylation of appropriate indoles or by synthesis of the heterocyclic ring. 
For example, the methiodide of 2,3,3-trimethylindole®^ forms by 
complete alkylation of methyl-, N-methyl-, or 2,3-dimethyl-indole with 
methyl iodide in hot methanol. It can be prepared also from unsym- 

HC(CHa)2 „ pv_(CH,)2 

N—N=1;CH, 

CH, CH,+I- 

> HI in methanol. 

metrical phenylmethyl hydrazine and methyl isopropyl ketone by means 
of Fischer^s synthesis. 

The methiodide, when warmed, loses methyl iodide and gives 1,2,3- 
trimethylindole; when treated with alkali, it loses hydriodic acid and 
gives a base that oxidizes easily in air to a rose-red color and has the 

Fischeb, Ann., 236, 116 (1886). 

Hickenbottom, J. Chem. Soc.^ 1981 (1934). 

®«Shbineb, Ashley, and Welch, Org. Syntheaesj 22, 98 (1942). 

Fischeb and Steche, Ann., 242, 348 (1887); CiamiciaK and Planchbb, Ber., 
29, 2476 (1896); Bbttnneb, 81, 612,. 1943 (1898); Plancheb and Cabbasco, 
Atti accad. Lincei [6], 14, II, 31 (1906). « 
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methylene group®® as represented below. Alkaline permanganate con¬ 
verts this last compound to l,3,3-trimethylindolinone-2, a reaction that 
shows the position of the double bond. * Hydriodic acid converts the 
2-methylene compound to the original salt. 

-^^(CH3)2 

OH3 

The C=N group in pseudoindolc behaves as does an aldehyde group, 
and so activates the adjoining methyl group that an oxime is formed from 
the reaction with potassium nitrite, as illustrated in the case Of 2,3,3- 
trimethyl-^-indole below. The C=N group also adds®® amines, ammo- 

Cni-NOII 


nia, or acetic anhydride as aldehydes generally do. For example, the 
ethyl-o-benzylenindolenine compound, which is made from eihyl- 
hydrindone as shown below, will add acetic anhydride in the presence of 
sodium acetate. 


HfiCa Ha HeCa Ha HeCs H. 



® Formation of the hydrassono by condenbation with phot) 3 dhydrazine at 100® in the presence of 
sodium acetate followed by a Fisher indole synthesis with ZnCh. ^ Acetic anhydride and sodium 
acetate at 100®. 


When the diacetyl derivative is warmed to 60° for 10 min. with li2 N 
hydrochloric-acetic acid, the ester is hydrolyzed to the hydroxy-N-acetyl 
derivative; if heated with methanol, the acetoxy is replaced by a methoxy 
group; if treated with benzoic anhydride and sodium benzoate at 100°, 
both acetyl groups are replaced by benzoyl radicals.®’' 

The bisulfite addition compound,2®*®^ which forms when indole is 
shaken with 40 per cent bisulfite solution, may be due to this ^ indole 
form, if the analogy with aldehydes is valid. (For a discussion of ammono 

“Hantzsch and Horn, Bcr., 86, 883 (1902); Decker and Klatjser, ibid., 87, 
524 (1904). 

Plancher, ihid,^ 81, 1488 (1898); Plancher and Bettinelli, Gazz. chim. itaL, 
29, 1, 106 (1899). 

^Leuchs and Winzer, Ber,, 66, 1520 (1925); Letjchs and Kowalski, 68, 
2822 (1925); Leucus, Philpott, Sanueb, Heller, and KOhlbr, Ann., 461, 27 
(1928). 



CONDENSED PYRROLE SYSTEM 


111 


aldehyde systems in other rings, see page 194.) The Indole is recovered 
by warming with aqueous sodium carbonate. 

1 ,SyZ-^TrimethyU2-ethylindolenine iodide, prepared either from methyl 
iodide and 3,3-dimethyl-2-ethylindolenine or from phenylmethylhy- 
drazine and ethylisopropyl ketone, undergoes a novel rearrangement*^® to 
l,2,3-trimethyl-3-ethylindolenine iodide when heated. A transitory 
separation of an alkyl iodide may be a factor in this change. 



2,3-DihydroindolGs, often called ^^indolines,^’ are obtained by reduction 
of indoles. They are comparatively strong bases because they are 
secondary amines and undergo the typical reactions^® of such compounds. 
For examj)le, nitrous acid converts them to N-nitroso derivatives, and 
these in turn undergo rearrangement in acid to p-nitroso products as 
illustrated l)elow. Similarly, diazoamino compounds can be formed 



R « NO or Nr=-NC«H6. 


which rearrauge*'^ to azo products in the presence of acid. The N-nitroso 
comi)ound2'* can be reduced also to a hydrazine by zinc dust and acetic 
acid. Reduced indoles also undergo ring cleavage when subjected to 
exhaustive methylation (see page 307). 

Indoline (b.p. 230®; benzenesulfonyl derivative, m.p. 133®) can be 
s 3 aithesized from a i3-(o-aminophenyl)ethyl alcohol and hydrochloric 
acid, maintained for 5 hr. at 130 to 140®, followed by treatment of the 
hydrochloride with sodium hydroxide. The necessary o-aminophenyl-* 
ethyl alcohol is obtained by nitration of jS-pbenylethyl alcohol and reduc¬ 
tion of the nitrated product with zinc and aqueous calcium chloride 
solution.®^ This intermediate, incidentally, is suitable for the prepara¬ 
tion of other related five-membered ring systems, viz., dihydrobenzofuran 
and dihydrothionaphthene, by replacement of the amino wfth a hydroxyl 
or thio group, by means of the diazo reaction. 

orAminoindole is obtained from o-aminobenzylcyanide and sodium 

Plancher and Bonavia, Gazz. chim. ital. [11], 32| 414 (1902). 

Bamberger and Sternitzki, Ber,, 36, 1291 (1893). 

Bamberger and Zitmbro, ibid., 26, 1285 (1893). 

Sabelay, Bl:6obr, and de Lbstrangb, Bull. soc. chim. [4], 42, 3 (1931). 
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ethoxide in boiling alcohol. The sequence®^ of necessary steps from 
o-nitrophenylacetic acid is shown below. 


R CH 2 CO 2 H PN 
KO. -K 


CH2ON 

NH2 


« Sequence of SOCls, NH», PaO* or SOCla, Sn + HCl. 
meriem to the or-amino indole. 



NaOEt. The product undergoes tauto- 


Z-Indolemethylamine is prepared by reduction of /S-cyanoindole. 
The compound undergoes an interesting ring enlargement to quinoline 
when treated witU nitrous acid. The change may occur through an 
intermediate pyrazole compound as shown below by partial formulas. 
The fact®® that 2-methyl-3-indolemethylamine yields the same quinoline 



• HNOa. 


compound the a-methyl group is lost) conforms with such an 
explanation. 

Z-Aldehydoindole is made by a conventional chloroform and alkali 
treatment applied to indole.®® The yield is 31 per cent. By a similar 
process, 2-methyl and 5-methylindoles give 51 and 27 per cent of the 
corresponding aldehydes. 

Indole-fi-carhoxylic acid (m.p. 218°) is obtained®^ when h mixture of 
indole and sodium is heated in a stream of carbon dioxide at 230° up 
to 300°, after the manner of a Kolbe synthesis. It may also be obtained®^ 
from the o-aminophenylacetonitrile, mentioned in a preceding paragraph, 
by condensation of the nitrile with sodium and amyl formate, ring 
closure, and hydrolysis of the resulting j^-cyanoindole. 



C(=CHOH)CN 


NHj 



CO 2 H 


• Na 4* C»HiiO*CH. * Hydrolysis of the nitrile. 


IndoU-Z-acetic acid (m.p. 164 to 165°), known also as heteroauxin,'' 
is prepared conveniently by a Japp-Klingemann synthesis®® from ben- 
zene-diazonium chloride and ethyl a-acetylglutarate, followed by hydroly¬ 
sis and controlled decarboxylation of the diacid product. Skatole is 
PscHOBR and Hoppe, Her., 43, 2543 (1910). 

8«Px7T0Khin and Davxjii>ova, J. Gen, Chem, (U.S.S.R.) 2, 290 (1932); C.A., 27, 
722 (1933). 

Zatti and Ferbatini, Her., 28, 2296 (1890). 

•* Kino and UEcuteb, J, Chem, Hoc., 1901 (1934), 
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produced if decarboxylation is prolonged beyond the time when one mole 
equivalent of carbon dioxide has been evolved. 

R H,CCH,CO,Et ^ Q_ 

+ HCCOjEt I 

NjCl I I 

OCCH, H 

o The acetylglutarate (from /S-iodopropionic e8t<er and ethyl sodioaoetoacetate) is converted to 
the hydrazone, which is then converted to the indole with HCl in abs. ale. The diester is then hydro¬ 
lyzed and the diacid decarboxylated over quinoline and copper to give the monoacid product. 

Heteroauxin causes elongation of plant cells; its unequal distribution 
in a plant causes phototropism and geotropism. It was the first of such 
agents, of known structure, to be discovered. 

The discovery of heteroauxin is one of the interesting adventures in 
chemistry. By a long series of operations that involved extraction, 
precipitation with lead acetate and calcium acetate, and high-vacuum 
distillation, Kogl®® and coworkers were able to separate from urine a 
crystalline material that stimulated cell elongation. This material was 
called ^‘auxin.^^ Subsequently®^ the same material, in much less quan¬ 
tity, was found in corn oil, together with another one, which was desig¬ 
nated auxin &. In order to secure a large quantity of auxin a, urine was 
collected from hospitals. Although this material showed a high auxin 
activity, the usual method of separation failed to produce the expected 
quantity of crystalline material. The active substance, when eventually 
separated,®® proved to be /S-indolylacetic acid. Because it was different 
from auxin a and 6, it was called heteroauxin.Normal individuals 
excrete auxin and heteroauxin in the proportions of about 4 to 1. In 
hospital urine, the proportions may be reversed because of greater intes¬ 
tinal putrefaction caused by a diminished food intake and by less auxin 
in the diet. 

Indole-3-acetic acid is now merely one among a large number of 
compounds known as plant hormones. The class includes other closely 
related heterocyclic compounds such as the 1-, 2-, or 5-methylindoleacetic 
acids, indole-3-a-propionic, and indole-3-pyruvic acid. Many non- 
heterocyclic compounds are now known to have a similar effect. Among 
these are phenylacrylic acid, phenylpropionic acid, and naphthalene- 
acetic acid. Inactive indole acids®® are dihydroindole-3-acetic, 2-ethyl- 
indole-3-acetic, 2,6-dimethylindole-3-acetic, indole-2(or 3-)-carboxylic, 
and indole-3-j8-propionic. 

«®Kt5aL, Haaqen-Smit, and Erxlebbn, Z, physiol Chem.j 214, 241 (1933); 216, 
31 (1933). 

KOol, Erxleben, and Haagen-Smit, ibid.f 226, 215 (1934). 

K5gl, Haagen-Smit, and Erxleben, ibid,, 228, 90 (1934). 

••PoLLABD, Ann, Repts,, 82, 425 (1936); Hitchkock and Zimmebmakn, CorUrih, 
Boyoe Thompson InsU, 7, 439, 447 (1935). 
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P^(Indolyl'-3)propionic acid, C 8 H 6 N'CH 2 CH 2 COOH, is one of the 
products present in the putrefaction of proteins. It is prepared^® by 
a Fischer indole synthesis from an aldehydobutyric acid, itself made from 
jS-chloropropionacetal and ethyl sodiomalonate. 

CH 2 CH 2 CI CH2(CH2)2C02CH3 

I 4 X 

(EtO)2CH ^OCH 

« NaCH(C02Et)8 foUowcd by NaOH, HX, heat, and CH*OH + HX. ^ CmsNHNHa, HX. 



Tryptophan is a->araino-/3-(indolyl-3-)propionic acid. It is a product 
of the putrefaction of proteins^^ and disappears in the later stages in 
which indolylpropionic acid, indoleacetic acid, indole, and skatole 
appear. By careful adjustment of conditions, this amino acid inter¬ 
mediate product can be derived from casein. 

Tryptophan can be synthesized^^ by a sequence of steps that starts 
with /3-indolylaldehyde and hippuric acid and progresses to the final 
stage by hydrolysis and reduction of the azlactone product. The reaction 
is common for the preparation of a-amino acids. 


H H 


O 


„ p 

1 -n 

\ -L 

' i 

o IN 


_ / ' 

H 


2 H 


“Hippuric acid + A 02 O + NaOAc. HydrolyHih with alkali to give indolyl-a-henzoylainino» 
acrylic acid followed by reduction with Na b EtOII. 


A preparation from hydantoin is somewhat similar. 


H2C—C 


HN— 


O 

\ 


O 


KCH-=C—C 


NH 


O 


HN—C 


\ 

NH -> IICH2CH2CCO2H 
/ NH 2 


O 


R =» indolyl radical. 

« 3-Aldehydoindole with piperidine. ^ NHiSH, -b NH4OH at 100 to 103°. 


Tryptephan^® is readily oxidized by a 10 per cent solution of ferric 
chloride to /3-indolaldehyde. Oxidation by permanganate leads to 
/3-indolecarboxylic acid. These reactions were used originally to deter¬ 
mine the structure of this compound. Tryptophan is detected by the 
Ellinger, Ber.j 38, 2884 (1905). 

Hopkins and Cole, J, Physiol,, 27, 420 (1901); 29, 438, 451 (1903); Mitchell 
and Hamilton, ^‘Biochemistry of Amino Acids,” Eeinhold Publishing Corporation, 
New York, 1929. 

Cox and Kino, Org. Syntheses, Coll. Vol, II, 613 (1943)* 

75* Ellinobb, Ber., 39, 2515 (1906); Ellinoeb and Flamand, ibid., 40, 3029 (1907), 
Boyd and Rcbson, Biochem. J., 29, 2256 (1935). 
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Hopkins-Cole test, which is the occurrence of a violet color when treated 
with a sulfuric-glacial acetic acid solution of glyoxylic acid. The same 
acid, but with sulfuric acid and copper sulfate, can be used for a quantita¬ 
tive estimation^® provided the color is compared in a colorimeter with 
that of a solution of known tryptophan content and the test is made by 
a definite procedure. The dl form melts at 283 to 285®. 

The amount of tryptophan^® in fresh casein is 1.33 to 1.25 per cent and 
1.09 and 0.92 in older samples. It is widely distributed in nature. Its 
varying quantity in different materials, such as the tobacco and cucumber 
virus, is sometimes a means to distinguish between different varieties. 

Hypaphorine is the betaine^^ of tryptophan. It occurs in the seeds 
of Erythrina hypaphorous. 



Tryptamine, or 3-indolylethylamine, C 8 H 6 N-CH 2 CH 2 NH 2 , is the 
product of decarboxylation of tryptophan. It is prepared’^® by cautious 
heating of a mixture of phenylhydrazine and the acetal of 7 -aminobutyr- 
aldehyde until a vigorous exothermic reaction ensues. 

ZnCh 1 f ■ 

CoHeNHNHa -f (EtOlaCH—(CH 2 ) 3 NH,'»-► C8H6NHCH2CH2NH2 

“Piepared fiom acrolein and hydrogen bromide in absolute alcohol, followed by reaction with 
sodium cyanide and then reduction of the nitrile. 


It may also be obtained by a series of steps from /3-(indolyl-3)-propionic 
acid, which consists of a Curtius degradation of the azide, formation of 
the urea derivative from the cyanate, conversion to the phthalimide, and 
hydrolysis via the hydrazine process.^®" This last step is an improvement 
over the conventional hydrochloric acid-sealed tube hydrolysis of the 
imide, which causes complete resinification of this compound. 


R(CH2)2C02H 


R(CH 2 ) 2 N 



R(CH 2 ) 2 NH< 

N' 

Hllf 




Y 



R(CH3)2NH2 


Small R «■ indolyl radiesd; large R » bonz system. 

« Conversion of the acid to an amine by successive use of SOCI 2 , NaNa, HX, HaO followed by reac¬ 
tion with phthalic anhydride. ^ HaNNH*. * HX + HiO. 


Shaw and McFarlane, Can, J, Research^ Sec. B., 16, 361 (1938). 

Knight and Stanley, /. Biol Chem., 141 , 39 (1941). 

’^Van Rombxtrgh and Babgeb, J. Chem, Soc., 99 , 2068 (1911); Harrington, 
thid., 715 (1939). 

' Ewins, ibid,, 99 , 270 (1911). 

(a) Manske, J. Am, Chem, Soc,, 61 , 1202 (1929); (6) Manske, Can, J, Research, 
6 , 592 (1931), 
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N-Methyltryptamine is an integral part of the alkaloid calycanihine 
from which it is obtained as the benzoyl derivative by degradation. It 
can be prepared^®* by methylation of tryptamine with methyl iodide or by 
pyrolysis of the quaternary metho chloride in vacuum. 


Oxy tryptophan, 


-CHlCHaCHNHj 

NHCOj CO»H 


be a transformation 


product in the intermediary metabolism of tryptophan in animals.®® 
Decarboxylation gives oxytryptamine. Methylation of oxytryptamine 
with methyl iodide and alkoxide gives the trimethyl derivative. Reduc¬ 
tion of this trimethyl derivative with sodium and alcohol gives simul¬ 
taneous ring closure and formation of a tricyclic compound related to 
physostigmine. These steps are shown below. 



« CH*I + NaOEt. Na 4- EtOH. Large R - C«H4. 


Physostigmine, sometimes better known as ‘‘eserine/^ is a resinous 
and poisonous alkaloid in the Calabar bean. This bean is known also 
as the ^^ordeaP' or ^Hest bean^'®^ because the natives of West Africa 
used it in their trials of crime and witchcraft. An innocent person, 
unafraid of the test, might happen to swallow the poison rapidly and 
suffer gastric irritation and vomiting that automatically spared him; a 
guilty defendant, afraid of the test, might happen to eat slowly, retain the 
poison and die. Any deviation from this principle would lead to a mis¬ 
carriage of justice. It has been used some in medicine to cause bowel 
evacuation and to treat tetanus and epilepsy and is valuable in ophthal¬ 
mic surgery because it causes the pupils to contract. 

The formula, shown below, can be regarded as a three-ring addition 
product of a substituted meth^laniline, methyl amine, and isoprene. 
This structure was first proposed by Stedman and Barger®^ after con¬ 



sideration of the degradation products. Pyrolysis, for example, at 200® 
in an atmosphere of carbon dioxide yielded physostigmol, later shown to 
Julian and Pikl, J. Am, Chem. Soc., 67 f 755 (1935). 

Goodman and Gilman, ^Pharmacological Basis of Therapeutics,'^ The Mac¬ 
millan Company, New York, 1941. 

Stedman and Baroer, J, Chem. Soc., 127, 247 (1925). 
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be 5-hydroxy-l,3-dimethylindole-3-acetic acid. Preparation of the 
ethyl*® and methyl*^ ether of physostigmol established the presence 
of the indole nucleus and the orientation of certain substituents.** The 
ethyl ether, called “eserethole/^ is readily** converted to eserine by the 
following steps, shown by partial formulas. 


CaHsO 


HI or 


CH.NCO 


CH,NHCX), 


r 


The synthesis of eserethole from N-methyl-p-phenetidine®* 
a-bromopropionyl bromide as starting reagents is shown below. 


and 


p 4p-n"-p—rn”' 

INnhch, 


CH3 


CHs^ CHj 


Large R -• C2H50C6Haor4 < with ethoxv group para to nitrogen. 

® BrC(0)CH(Br)CHa, heat, AlCla. * EtaSOa (to restore ethoxy group which was cleaved to hydroxy 
by AlCla), CICH 2 CN + NaOEt, Pd + Ha (to prepare amine), CaHeCHO (to obtain anil), CHsI in 
sealed tube (Dakin’s method for monomethylation of an amine), a-camphorsulfonie acid and a-tartaric 
acid (to separate optical isomers), Na -|- EtOU to reduce the carbonyl group and close ring. 


Deoxyeseroline is the oxygen-free eserine. It is prepared*® from 
dimethyloxindole, which is the same as the second compound in the 
above sequence of formulas except for the absence of an ethoxy group. 
The formation of a third ring occurs more readily than before and requires 
only the use of chloroacetonitrile and sodium ethoxide, hydrogen for 
reduction, ring closure, and methyl iodide. 

Efforts to find substitutes for physostigmine have had much success. 
Urethanes,*^ of the types shown below, have marked activity whereas 
the 0 - and p-isomers do not. 


CH.NHCO, 1^^ N(CH.),+X- 


CH.NHCO,|^^ CH(CH,)NH(CH,) 2 +a- 


These compounds are structurally unlike physostigmine, which has 
an amino group in the position para to the oxygen atom. If, however, an 
alkyl group is introduced in the benzene ring—and physostigmine can be 
regarded as an alkyl substituted p-aminophenol derivative—both the o- 
and p-products become active.** 

»*Stbdman, ibid., 125, 1373 (1924). 

SpXth and Brunner, Ber., 58, 618 (1925). 

«* King and Robinson, J. Chem. Soc,j 755, (1935). 

•® JuuAN, PiKL, and Boggess, J. Am, Chem. Soc.y 56, 1797 (1934). " 

•^Stbdman, Biockem^ 20, 719 (1926); 28, 17 (1929); Stedman and Stbdman, 
J. Chem, Soe,, 609 (1929). 

“Stevens and Bbntel, J, Am. Chem. Soc.^ 68, 308 (1941). 
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O 


CHiNCO R 

Q 


N+(CH,). 

X- 


R' - H or CHi. 


B 

O R 

CH.NCOrt''^ 




C 

Q N'(CH,),X' 
CH,NOO|j-^^ 


Judged by the amount necessary for a lethal dose in mice, dimethyl- 
urethanes (R' — CHa) of these types are less active than monomethyl 
compounds. An isopropyl group (R in type A) increases the activity 
1,600 fold over the parent compound (R = H). When R — CH3, the type 
C formula is most active; when R = isopropyl, the type A formula is best. 

Bufotenine, iS-(5-hydroxyindolyl)ethyldimethylamine, is one among 
a considerable number of toad poisons, many of which arc sterols.^® 
The compound was isolated by Wieland**® and coworkers who subjected 
the extracts from toad skins to chromatographic adsorption. Bufotenine 
is found with the isomeric bufotcnidinc, a betaine. 

HO—C=(''—(CIIs) 2N(CH,)2 O—CJeHsN—(:=(’3(CH2)iN(CH,)j 

H 11 • H H H 

Bufotenine Bufotennhne 


The structure was suggested by (a) the presence of an indole nucleus, 
shown by characteristic test; (h) the presence of a phenolic hydroxyl 
group that was judged to be in the 5-position, a favored one in most 
naturally occurring products; (c) the presence of a dimethylamino group 
attached to one of the two carbon atoms outside the indole nucleus, 
shown by elimination of nitrogen in one step of exhaustive methylation; 
(d) the absence of a substituent in the 2-position as judged by the positive 
Hopkins-Colc glyoxylic acid test; and (e) the possible similarity to the 
naturally occurring tryptophan. This opinion was confirmed by syn¬ 
thesis of the 0-methyl ether of bufotenien methiodide. The synthesis 
shown below follows the general pattern of many condensations in this 
series. 


U "K 


CH2C(0)C02C2H6 


N 02 



(CH2)aN+(CH,), 

I- 


Large R CIIsOC*Hi. The methoxy group is para to the nitrogen atom. 

« HNOa, (COaEt)a + NaOR. The nitro group activates the CHa so that condensation occurs 
readily. * FeSOa + NHa, ring closure, decaiboxyiation of the carboxylic acid, CHaMgl, CICHjCN, 
Na + alcohol, CHal + thallium ethoxide. 


Rosindoles. —Aldehydes and o^substituted indoles®^ form condensa¬ 
tion products analogous to the triphenylmethanes. Oxidation converts 
•• Friedmann, '^Sterols and Related Compounds,” Reinhold Publishing Corpora¬ 
tion, New York, 1937. 

WiBDAND, Konz, and Mittasch, Ann., 518| 1 (1934). ‘ 

w Fischer, Bet., 19, 298$ (1866); Ann., 242, 372 (1887); Walthob and CnsMBN, 
J. prakt. Chem. [2], 91, 249 (1900). 
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the methanes to dyes that are analogous to fuchsin and are known as 
“rosindoles.” 

i I . /1 i\ <• r I” j t ’' IT 

2RN—im—(’-r IjCR" -> RN^C;—0 f’-C nr| X- 
H R' \ H R' /n L H R' R" R' H J 

R * C 8 H 4 . R' “ alk>l 01 othor common substituent in the alpha position. R'' = alk>l or ar\l. 

« R"C*HO. Oxidation followed by lieatmcnt with HX. 

Similar compounds can be prepared®’^ in very good yields by the action 
of indolylmagnesiiim derivatives on aldehydes. 

Formation of rosindoles may be related to fixation of perfumes®^ by 
musk, ambergris, benzyl salicylate, indole, skatolo, etc. When mixtures 
of indoles (0.1 g.) and various aldehj^des (2 g.) in ethyl alcohol are allowed 
to stand in closed bottles in diffused light for one year and then in sunlight 
for another year, progressive chromatic changes occur that are greatest 
with a-methylindolc, less with indole, and least with skatolc. This 
order parallels the case of formation of rosindoles from these three 
compounds. 

DiiiLclolyl{2,2') or a,Qj'-diindyl®^ is obtained from the di-o-toluidide 
of oxalic acid with sodium pentoxide in amyl alcohol in an inert atmos¬ 
phere at 360° (see pages 103, 109). The compound melts at 302 to 

a I- II ” I 

CH3RNHC(0)r(0)NIIRCH8 HN—R—R—NH 

R - CeH*. 

« NaOCsHu. 

303° and forms a 3,3'-diisonitroso derivative, which by reduction with 
sodium hydrosulfite gives a diamino compound which in turn changes 
readily to indigo by oxidative hydrolysis. 

Indolenine red is obtained by condensation of a methylene base, of 
the type already discussed under indolenines, with esters of formic acid. 
The equation is 


(CH,), 

(OH,), 

(OH,), 1 

r)/^\ 

r)/*^\ H H 

H /^xn 

C—OH, + HCOOR — 

k' C3—0=-0- 

- 0=0 ^ 

I\\n^ 

I\\n^ 

\n/I\ 

CH,+X 

t'H, 

CH 3 J 


The ON function in the ring, like a nitro group, makes the CHs react readily. 


The constitution is analogous to that of the cyanine dyes; and the reaction 
is typical of cyanine dye formation. The same reaction with nitrous 
acid instead of the formate gives indolenine yellow®^ with loss of hydrogen 
cyanide during condensation. 

w Mingoia, Gazz, chim. ital, 66 , 772 (1926); C.^., 21, 1117 (1927). 

Madelung, Ann.j 406, 68 (1914). 

KtTHN, WiNTBRSTEiN, and Balser, Ber,, 66 , 3176 (1931). 
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(CH,), 

H 

O—C=C 

\n^ 


CHs 


(cm 

/^\ 

CH, 


R 


1 + 


X- 


OXYGENATED INDOLE COMPOUNDS 

Oxindole (m.p. 126®) was mentioned at the beginning of this chapter 
as a reduction product of isatin. The original synthesis of Baeyer®* 
from phenylacetic acid consists of a sequence of nitration, reduction, and 

H 

« HNOt, Sn + HCl or FeSOi + NHs, Heat. 


dehydration.®® This interesting compound may also be prepared by 
condensation of o-nitrotoluene®^ with ethyl oxalate under the influence of 
sodium ethoxide and oxidation (H 2 O 2 ) of the phenylpyruvic acid product. 
The preparation from chloroacetanilide®® and aluminum chloride at 225® 
can be used for the homologues of oxindole, but not for benz-substituted 
compounds such as would be derived from naphthylamine. 

Oxindole contains two active hydrogen atoms according to the Zere- 
wittenov test. The formula may, therefore, be represented as a tauto¬ 
meric system. 



The reactions are, however, largely those of the form on the left. Ethyl 
iodide®® and alcoholic sodium ethoxide, for example, give N-ethyloxindole. 
Oxindole is also a cyclic amide. Hot (150®) aqueous barium hydroxide 
opens the ring to give the barium salt of o-aminophenylacetic acid; acid 
re-forms the oxindole.^®® 

By^fa^the largest number of reactions involve the methylene group®®'®® 
which is active because it is flanked by a phenyl and carbonyl group. 

Nitrous acid gives the oxime, CJB4NHC(0)C=N0H, which is reductible 
to the amine; p-nitrosodimethylaniline gives the corresponding anil; and 
»» Babybk, ibid., 11, 682 (1878). 

Heller, ibid., 49, 2777 (1916). 

Hbissert, ibid., SO, 1030 (1897); 41, 3925 (1908). 

StollA, Bbrqdoll, Luther, Aubrhahn, and Wachu, J. prakt. Chem. [2], ISS, 
1 (1930). 

Babtbb and Comstock, Ber., 16,1704 (1883). 

1®® Mabschalk, ibid., 46, 585 (1912); J. prakt. Chem. [2], 88, 227 (1913). 
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benzaldehyde forms the benzylidene oxindole, C 6 H 4 NHC( 0 )C=CHC 6 H 5 , 
when allowed to react with a hot alcoholic solution in the presence of 
piperidine. Similarly, m-nitrobenzaldehyde, anisaldehyde, piperonal, 
and other compounds with an active carbonyl group condense readily. 
The products are known by the class name of '^soindogenides^^^®^ (page 
125). 

Reactivity of the /3-hydrogen atom is shown also by N-methyloxindoIe. 
For example, sodium ethoxide^®^ causes the oxindole to condense with 
ethyl malonate to give a keto ester, which can be reduced catalytically 
to ethyl /3-(l-methyloxindolyl-3)-propionate. Similarly, ethyl formate 


Rx.Jo'’"RJ 

CH 


CHa 


C(0)CH,C02Et 

O 



«:H2)*C02Et 

o 


« NaOEt + H2CC02Et. Pd + II 2 . 


yields the 3-aldehydo derivative.*® Attempts to replace the second 
hydrogen atom by a methyl group from methyl iodide and sodium 
methoxide cause, however, the replacement of the aldehydo group and 
formation of 1,3,3-trimethyloxindole. 

Halogenation of oxindoles can be made to occur in either the homo- 
or hetero-cyclic ring, depending on the substituents and conditions. 
Bromine and potassium bromide give the 5-monobromo and, in hot 
water, the 5,7-dibromooxindole.®* Phosphorus penta- and oxy-chloride 
mixture^®* forms 2,3-dichloroindole. When the imino' hydrogen is 
replaced by an alkyl group, as in 1-ethyloxindole, bromination (a) in 
carbon tetrachloride at 0° gives an addition product that changes to the 
3,3-dibromo compound®* when warmed, and (b) in aqueous solution 
gives the 5-bromo compound. Calcium hypochlorite with N-methyl- 
oxindole gives the 3,3-dichloro-product which is readily hydrolyzed by 
aqueous-alcoholic sodium hydroxide to isatin. The position of these two 
halogen atoms can be shown also by synthesis of the 3,3-dichloro com¬ 
pound from trichloroacetmethylanilide, itself obtained from trichloro- 
acetyl chloride and methyl aniline. 

Indoxyl is an intermediate in the synthesis of indigo. The methods 
for preparation of that dye are invariably directed toward indoxyl. 
Some of the syntheses are listed in Fig. 3. The first of these, viz., that 
from ethyl-o-nitrophenylpropiolate, via the intermediate indoxylic acid, 
is the one discovered by Baeyer, Baeyer did not isolate^®^ a pure 

Wahl and Bagard, BvU, soc. cHm, [4], 5, 1033 (1909). 

10 ® Julian, Pikl, and Wantz, J, Am, Ckem, Sac,^ 57, 2026 (1936). 

10 * Baeyer, Ber., 12, 456 (1879). 

104 Babybb, iHd., 14, 1741 (1881). 
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indoxyl. He merely decarboxylated indoxylic acid and observed that a 
product was obtained which rapidly changed to indigo. It remained 
for Vorlander and Drescher,^®® 20 years later, to carry out this decar¬ 
boxylation in 20 parts of water at 70 to 80® and to allow the bright yellow 
prismatic crystals to separate when the solution was cooled in ice. 

The second method (Fig. 3) was likewise discovered by Baeyer.^®® 
o-Nitrophenylacetylene, prepared by decarboxylation of o-nitrophenyl- 
propiolic acid, is reduced by zipc dust and ammonia to the o-amino 
compound. Water is added by means of dilute sulfuric acid. Dry 
bromine introduces a halogen in the a>-position (bromine in water or 
acetic acid introduces it in the nucleus), while the amino group is protected 
by an acetyl group. Dilute aqueous sodium hydroxide closes the ring 
by elimination of hydrogen bromide and the acetyl group. 



Small R - COsU or H. 

• Fc + KOH. Heat. '> Zn dust + NH4OH, dil, HxS 04 , Brs. NaOH. «Fusion with NaOH 
or NaNHa, 

Fig. 3.—Methods for preparation of indoxyl. 

The third method, which employs phenylglycine, is the original 
Heumann process;'®’^ and the closely related fourth method, which uses 
phenylglycine-o-carboxylic acid,^®® is the basis for the present commercial 
synthesis. In both cases, the glycine compound is heated with dry 
caustic alkali at 280 to 290® or, better, at a lower temperature with 
sodamide. Many modifications, such as the use of a mixture of the 
alkali with calcium oxide, with other alkaline-earth oxide or alkali 
cyanides, with calcium carbide, or the employment of fusion under 
diminished pressure or in a paraffin melt, have been employed to temper 
the drastic conditions. 

To use phenylglycine-o-carboxylic acid requires a cheap source of 
anthranilic acid. Naphthalene—in that early period practically a waste 

106 VorlXnder and Drrschsr, 84 , 1857 (1901). 

BABtER and Bloem, i6id., 17, 963 (1884). 

Heumann, ihid., 28, 3043 (1890). 

io®D.R.P. 79,409; 137,208; Chem. Zerdr., I, 110 (1903); 1, 619, 383 (1907). 
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product—^is a convenient starting point. The first step is an oxidation 
to phthalic anhydride by sulfuric acid in the presence of mercuric sulfate, 
the catalytic activity of which was discovered by the famous accident 
of breaking a thermometer in the reaction mixture.^®® Catalytic aerial 
oxidation has largely supplanted this means. The remaining hteps 
of imide formation, Hoffmann degradation, and reaction of the anthranilic 
acid with chloroacetic acid are conventional operations. 

Indoxyl is a yellow compound that melts at 85*^. It has a fecal 
odor. The solubility in aqueous alkali and the red color with ferric 
chloride solution suggest that it has some phenolic properties. 

The chemical reactions^®® are in general those predicted for such a 
compound. Nitrous acid forms N-nitrosoindoxyl. Acetic anhydride 
gives the N-acetyl derivative at ordinary temperatures, the 0-acetyl 
product in aqueous alkali, and the 0-N-diacetyl compounds in the pres¬ 
ence of sodium acetate at higher temperatures. Bromine converts it 
to tribromoaniline, as if it were an amino compound with a labile carbonyl 
group. Sodium amalgam, or zinc dust and warm alkali, reduces it to 
indole. Benzenediazonium chloride gives 2-phenylazoindoxyl. 

The reactions that make indoxyl so interesting are those which involve 
condensations through the active methylene group. The simplest of 
these are the reactions with aldehydes and ketones, whereby compounds^ 
known as *4ndogenides” (page 125) are formed. 

^ (C7H6N0)CH2 -f OCHR (CVH5N0)C^CHR 

The reaction is general. Isatin gives indirubin (see page 137); gly- 
oxaB“ and hydrochloric acid form a diindoxyl product, 

(C7H6NO)C=CHCH=C(CtH6NO). 

Condensation can also occur between the two methylene groups of 
indoxyl itself through the agency of an oxidizing agent such as hydrogen 
peroxide, ferric chloride, or air. The product is, of course, indigo. 
Unlike thioindoxyl, this reaction does not take place by preliminary 
oxidation of one of the methylene groups to a carbonyl function; for that 
process would produce isatin as an intermediate, and isatin, as mentioned 
above, combines with indoxyl to give indirubin. 

This condensation with another active methylene system can be 
observed also in some phenol compounds that react as if they had under¬ 
gone a tautomeric change to a p-methylene ketone. Thymol, or 
a-naphthol, for example, condenses with indoxyl when treated with ferric 

^®®Slosson, Creative Chemistry,” D. Appleton-Century Company, Inc., 
New York, 1921; Haynes, ‘‘This Chemical Age,” Alfred A. Knopf, New York, 1942. 

i^Babybr, Bcr., 16 , 2190 (1883). 

FbibdlXkder and Risse, ihid.^ 47, 1919 (1914), 

JoLLEs, MtmaJtBK 36 , 457 (1915); J, prakt. Chem. [2], 92 , 202 (1915). 
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chloride in acetic acid or when heated in air with 10 per cent sodium 
hydroxide to form 4-cymol-2-indolindigo and (naphthalene-l)-(mdole-2) 
indolignon, the formulas of which appear, respectively, below. 


R 


O CH« H 

Vn/ 


H 


H 


Call, 





Proof of these structures is furnished by alkali scission to anthranilic 
acid and an aldehyde. The aldehyde from the thymol product, for 
example, is CH 3 (C 3 H 7 )(OH)C 6 n 2 CHO. In the same way, /3-naphthol, 
naphtholsulfonic acid-1,4, and other related compounds condense with 
indoxyl. The products are named either as substituted indigos or as 
indolignones. 

Indoxyl exists in the indigo plant as a glucosidc^^® known as ‘‘indican,’^ 
which was first isolated by the Dutch chemist Schunck. It may be 
obtained easily by extraction of the stem and leaves with cold acetone. 
The solution is then concentrated and a yellowish brown viscous material 
precipitated by petroleum ether. This precipitate is extracted with 
petroleum ether until no more green colored product is removed. It is 
then dissolved in water and the solution is decanted to separate solid 
matter, clarified with ether, decanted to remove tar, treated with a little 
sodium carbonate to neutralize the plant acids, and finally placed in a 
vacuum desiccator over sodium hydroxide in order to crystallize. Color¬ 
less leaflets, which melt at 57 to 58® and have the composition CuHitOs- 
N-3H20, are obtained. Indican is composed of indoxyl and dextrose. 



OH 

OCHCHaC^HzCHaCHCHgOH 
I OH Q OH 1 


The quantity of indoxyl can be determined easily from an aqueous 
solution of indican and p-nitrobenzaldehyde heated to boiling in^ the 
absence of air and treated with hydrochloric acid to precipitate the red 
crystalline indogenide. Isatin similarly gives indirubin in quantitative 
yield. When indican is obtained from the plant, an enzyme, indimulsin, 
is present and effects hydrolysis. 

Indoxylic acid and its ethyl ester are intermediates in Baeyer^s^®^ 
synthesis of indigo. The ester (m.p. 120 to 121®) is obtained by reduction 
of ethyl o-nitrophenylpropiolate with ammonium sulfide. 

“*Pekki[N and Bloxam, J* Chem. Soc,, 91, 1716 (1907); Pjsbkin and Thomas, 
ibid,, 96, 793, 824 (1909); Thomas, Bloxam, and Perkin, ibid,, 95, 824 (1909)« 
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« (NH4)58. 


R (.^:=C(^02Kt 
NO* 



O 

HCOjEt 


The ester contains an unusually reactive hydrogen atom between the 
carbonyl and carbethoxy groups. The compound is therefore soluble 
in aqueous sodium hydroxide from which solution it is precipitated by 
carbon dioxide. It is convertible to a crystalline acetyl derivative by 
acetic anhydride and to an ethyl ether by ethyl iodide and the potassium 
or sodium salt. Sulfuric acid sulfonates it. Indoxylic acid loses carbon 
dioxide at unusually low temperature (see page 122). The ease with 
which carbon dioxide is lost makes it possible to use this acid—and the 
ester—in condensations in place of indoxyl itself. Nitrous acid and 
eth.vl indoxylate, for example, give the a-monoxime of isatin. 

Ethyl isatogenate is isomeric with ethyl o-nitrophenylpropiolate, from 
which it is obtained by solution in cold concentrated sulfuric acid.^®^ 
The structure^^^ is probably that of an amine oxide. Reduction by 
ammonium sulfide converts it to ethyl indoxanthine carboxylate; further 
reduction by zinc and acetic acid converts it to ethyl indoxylate (see 
also page 139). 

R 

o 

* (NHOaS. * Zn + HO Ac or HI. 


\N^ COsEt 

“ 


n 


COjIOt 
OH 


H 


O 

'HCOsEt 


Indogenides and Isoindogenides. —These compounds have already 
been mentioned (pages 121, 123) as the condensation products of indoxyl 
and oxindole, respectively, with benzaldehyde, piperonal, protocatechu- 
aldehyde, nitrobenzaldehyde, and other aldehydes. The physical prop¬ 
erties of many of these compounds are shown in Table I. 

The preparation of such compounds is general and can be observed 
wherever a similar combination of groups is present. Homophthalimide, 
for example, has a system—ArCH 2 C( 0 )NH— like that present in oxin¬ 
dole. The products of its condensation with aldehydes are known as 
‘4socarbimidindogenides“® because of the analogy with isoindogenides. 

,C^CHR 
^00 


O 

Rvqqu and Bolliobr, Helv, Chim, i4cto, 4, 626 (1921); Rtjggli, Schmid, and 
ZiMMBBMANN, Md., 17, 1328 (1934). 

Mbybr, IX Congr, intern, quint, pura applicata, 4, 383 (1934); C.A,^ 80, 2962 
(1936). 
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Table I.—Indooenidbb and Isoindoqenides 


Aldehyde 

Indogenide® 

Isoindogenide^ 

M.p., °C. 

CV>lor 

Ref. 

M.p., ®C. 

Color 

Ref. 

Benzaldehydc. 

175-176® 

Yellow 

no 

175-176 

Yellow 

101 

Anisaldehyde. 




155 

Yellow 

113 

Nitrobonzaldehyde. 

273-274*^ 1 

Red 

no, 

255-257* 

Yellow- 

113 




113 

! 

orange 

1 


o-Dimethylamino 







benzaldehyde. 




194-195 

Orange 

113 

o~Hydroxybcnzaldehyde... 




195 

Yellow 

113 

w-Hydroxybenzaldehyde.. 




280 

Yellow 

113 

p-Hydroxybenzaldehyde. . 


. 


280 

Yellow 

113 

Piperonal. 

217-219 

Orange 

101 

228-229 

Yellow 

113 

Vanillin. 




224 

Yellow 

113 

I^otocatechualdchyde. . . 

264-265 

Orange-red 

101 

246 

Yellow 

113 

Resorcin aldehyde. 




300 

Yellow 

113 

Pyruvic acid. 

197 

Dark red 





Terephthaldehyd('. 


lied 

no, 







ni 




Anthroxanaldohyde. 


Red 

no 





« Usual condensing agent is hydrochloric acid. 

^ Usual condousing agent is i)i]>eridino in alcohol. 

« Heat employed as condensing agent. 

The p-isomer. 

• The w-isonier. 

Dioxindole, or 3-hydroxyoxindole, (m.p. 180°) is prepared by reduction 
of isatin or isatide with 5 per cent sodium amalgam^® in water or with 
dilute hydrochloric acid and zinc dust.^^^ Further reduction by zinc and 
stronger hydrochloric acid or by sodium amalgam in weak acid solution 
gives oxindole.^^ The compound decomposes when heated and at 180° 
gives aniline. Phosphorus penta- and oxy-chloride mixture gives 
2,3-dichloroxindole. 

Isatin is used in very many condensations, syntheses, and tests. 
It was first formed by oxidation of indigo with chromic^^* or nitric^^® acid 
and niay be obtained by similar oxidation of any oxygenated indole such 
as oxindole, indoxyl, or dioxindole. The best method for synthesis is 

Knop, J, prakL Chem, [1], 97, 65 (1866). See also Eef. L 

Baeyer, Ber,, 12, 1309 (1879). 

^ ii« Erdmann, J. prakt, Chem. [1], 24,1 (1841). For reviews on isatin see Heller, 
** Uber Isatin, Isatyd, Dioxindol und Indophenin,” F. Enke, Stuttgart, 1931. Sump¬ 
ter, Chem, Rev.f S4, 393 (1944). 

Laurent, Md.j 25, 430 (1842); 4nn. chim* phys, [3], 8, 371 (1841). 






















CONDENSED PYRROLE SYSTEM 


127 


that of Sandmeyer^^o by cyclization with sulfuric acid (a form of Beck¬ 
mann rearrangement) of the isonitrosoacetanilide, prepared from aniline, 
hydroxylamine, and chloral hydrate with hydrochloric acid and sodium 
sulfate. 


R HONH 2 
NH2 


hc(OH) 2 r 

i a 1 

N HONCH 


J 1 

ca, 1 

CO 

H 


• HCl + Na*S04. ‘ HaS04 at 00 to 70«. 



0 

o 


Other methods are (a) from oxanilides^^^ via the dichloroimide C 6 H 4 N- 
==C(C 1 )C(C 1 )==NC 6 H 4 , a method that gives poor yields; (b) from oxin- 
dole^^^ by a sequence that gives a nitroso and then an amino intermediate 
(Baeyer and Knop’s synthesis which proved the structure of isatin); and 
(c) by reduction of o-nitrophenylglyoxylic acid^®® and ring closure. It 
may also be isolated from the urine of rabbits that have been fed o-nitro- 
phenylglyoxylic acid.^^^ 


R OCNHCeHs ^ r\ 

n-Ao 

« PCh. k HaS04 + H 2 O. ^ 

D—aD—1« 

H H 

• HNOa, &n 4* HCI. » FeCli, CuCla or HNO*. 


C1C=NC6H6 

I 

N==-CC1 


HNHa 


R COCl 
NO 2 


R C(0)C02H 
NO 2 


® NaCN, hydrolysis. * FeSOa + NHi, ring closure. 



o 

0 


Isatin melts at 200°, forms yellow-red crystals, and is soluble in hot 
water, as might be expected from the presence of the two oxygen atoms. 
It is so feebly basic^^® that it forms a crystalline salt, (C8H602N)nC104- 
2 H 2 O, with perchloric acid only. N-Methylisatin is, however, a stronger 
base and dissolves readily in concentrated hydrochloric acid. 

The chemistry of isatin may be summarized as being that of (a) an 
active ketone at Cs that undergoes all the usual reactions of ketones 
and that condenses with compounds which have an active methylene 

Sandmeyer, Helv. Chim, Acto, 3, 234 (1919); Marvel and Hierb, Org, Syn- 
theseSf Coll, Vol. I, 327 (1941); Wibaxjt and Gearling, Rec, trav, chim,^ 30, 41 (1931), 
Batter, Ber., 40, 2650 (1907); 42, 2111 (1909). 
w* Barter, ibid,, 11, 1228 (1878). 

CuiisEN and Shadwbll, ibid., 12, 350 (1879), 

B5hm, Z. physiol, Chem., 265, 210 (1940), 

Hofmann, Ber., 48, 1082 (1910), 
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group or active hydrogen atoms, (6) a diketone to a limited extent since 
the a-carbonyl group is part of an amide system, (c) a lactam group that 
opens readily under the influence of alkali, (d) an active hydrogen atom 
that is responsible for tautomerism and other changes, and (e) a bicyclic 
ring system in which substitution occurs. The molecule presents to a 
remarkable degree these individual characteristics modified only slightly 
by their combination as part of a ring. 

Practically all the familiar ketone properties are found in isatin. 
Hydrazine hydrate, phenylhydrazine, and hydroxylamine give the 
/3-hydrazone, phenylhydrazone, and oxime, respectively. Hydrogen 
cyanide forms the jS-cyanohydrin. Ammonia in boiling absolute alcohol 
gives the imino compound,sometimes called ^‘imisatin.’’ Ethyl 
amine forms the /3-ethylimide, and aniline the anil. Piperidine, however, 
condenses with the a-carbonyl group and gives the dipiperidino com- 

pound/^' Hit—CsH*—C(0)—t—(NCBHn)2. 

1 3 2 

Reducing agents give the products expected from a ketone. For 

example, zinc and acetic or dilute sulfuric acid cause bimolecular reduc- 

OH OH 

tion, as in pinacone formation, to the so-called isatide ,^28 - q - (j -. 

3 I I 3' 

zinc dust and boiling acetic anhydride reduce isatin totetraacetylisatide^^* 
in which the two hydroxyl and two imino groups are acetylated; ammo¬ 
nium sulfide links the Cs atoms of two molecules to form isatan,^^® 
H OH 

—C—C—; and hydrogen sulfide in boiling alcohol gives the dithio- 

3 I I 3' 

SH SH 

isatide,^^®’^^®-C-^—C-. Zinc and dilute hydrochloric acid, however, 

give the monomolecular product dioxindole. 

Condensation reactions, characteristic of this active carbonyl group, 
have been mentioned already under isoindigotin and indirubin (page 123). 
Isatin also condenses with acetone under the influence of hydrochloric acid 
to give 3-acetonylideueoxindole, — C=CHC(0)CH8. The reaction 

can be made to go stepwise,**® via 3-aoetonyl-3-hydroxyoxindoIe, 
—C(OH)CHsC(0)CHs, by use of dietbylaniline, piperidine, or ammonia 

as the first catalyst, and then concluded with acid as the second agent. 
Another molecule of isatin can, similarly, condense with the acetonyl- 

Rbissert and Hoppmann, ibid,, 67, 972 (1924). 

Binz and HtiERTEit, ibid,, 46, 1038 (1915). 

1 ** Kohn and Klein, Monatah,, 38, 929 (1912). 

i*»HiLL, ScHur.TZE, and Lindwall, J, Chen- Soc., 62, 769 (1930); Brattpe 
and Lindwall, ibid,, 66, 325 (1933). 
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ideneoxindole. Since these reactions occur with N-methyl isatin, the 
NH group of isatin f)lays no part in these condensations. Hydantoin 
(page 458) also contains an active methylene group that condenses 
with isatin. 

Condensations can occur with the active hydrogen atom of aromatic 
compounds as illustrated by the formation of 3,3-bis(4-hydroxy~ 
phenyl)oxindole—more commonly known as ^'phenolisatin/^ —C=(Cb- 

"I 

H 40 H) 2 , from phenol, isatin, and sulfuric acid. The product (m.p. 270®) 
is similar to phenolphthalein, not only in chemical structure, but also 
in its mild purgative action,the accompanying irritation from which 
can be reduced by acetylation. Dimethylaniline forms a similar prod- 
ucti *'*2 if^atin in the presence of zinc chloride. Toluene likewise 
yields 3,3-di-p-toIyloxindole^ when treated w’ith isatin and concentrated 
sulfuric acid. Benzene does not so condense. 

The condensation with thiophene, known as the “indophenine reac¬ 
tion,’’ is apparently one that involves two active hydrogen atoms per 
molecule. The result is a product derived from two molecules each of 
isatin and thiophene, the structure of which has already been discussed 
(page 46). The reaction with pyrrole leads to a similarly constituted 
product known as pyrrole blue.”^®® 

Evidences of a diketonic function in isatin are not met very often. 
o-Phenylenediamine will, of course, unite in dilute acetic acid to give 


indoloquinoxaline. 



Physical measurements, par¬ 


ticularly dipole moments,^®® support a diketonic structure. The fact 
than an a-carbonyl group is a part of an amide system in the ring does 
not, of course, exclude it from functioning in the manner of a ketone. 
It is known, for example, that saccharin, which has the amide structure, 
will also form a phenylhydrazone.^®® The activity of the a-carbonyl 
group would obviously, however, be much less than that of the 

As a lactam, isatin undergoes ring opening and forms isatinic acid, 
o-H2 NC6H4C(0)C02H, when treated with aqueous caustic alkali. This 

^30 Hill and Henze, ibid., 46, 2806 (1924); Hill, Schultzb, and Lindwall, ibid., 
62, 769 (1930). 

Liebbrmann and Danaita, Ber., 40, 3588 (1907); Christensen, Arch, 
Pharm, Chemi., 88, 47, 69 (1931); C.4., 26, 4264 (1931). 

1” Baeyer and Lazarus, Her., 18, 2637 (1885). 

133 Pbatbsi and Zanetta, Atti accad. Ldnceij 22, 159 (1935); C.A., 80, 6364 (1936). 

13* Marohlewski, Ber.y 28, 2528 (1895). 

133 Cowley and Partington, J, Chem. Hoc., 47 (1936). 

133 Mannessier-Mameli, Oazz, chim, ited,, 71, 596 (1941); C.A., 87,100 (1948). 
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process may proceed stepwise. Cold potassium hydroxide and isatin 
produce a violet color, assumed to be caused by formation of N-potassio- 
isatin,^®^ which later, when heated or treated with water, changes to the 
colorless potassium isatinate. Acidification reforms isatin. 

Condensations that occur in the presence of strong alkalies are, 
accordingly, likely to be accompanied by simultaneous ring opening. If 
such a condensation has been with acetone, acetophenone, desoxybenzoin, 
and the like, the opened ring will close again in another position, with 
formation of a new ring, a quinoline-4-carbox5/lic acid. The process is 
known as the ^‘Pfitzinger reaction’^ (see page 273). The relative veloci¬ 
ties of ring opening and condensation may considerably affect the yield 



« CHiCOCH. -H NaOU. 


of the final cinchonic acid. If the double bond is formed before ring 
opening is completed, the product is not a cinchonic acid; if adolization 
has been the only reaction that has occurred, the product, —C(OH)CH 2 - 

COCHa, will undergo the customary ring enlargement when treated 
with potassium hydroxide. 

The ease with w'hich the amide system in isatin is opened provides 
a convenient step to some compounds in the aromatic series. For exam¬ 
ple, 5-iodoisatin, treated with bromine, changes to 5-iodo-7-bromoisatin, 
and this compound in turn, when treated with 3 per cent hydrogen 
peroxide, undergoes oxidative cleavage to 2-amino-3-bromo-5-iodo- 
benzoic acid.^^^ 

The tautomerism of isatin is one of the oldest examples of such 
phenomena in organic chemistry. Both nitrogen and oxygen derivatives 
are found. The nitrogen atom, for example, is readily acetylated^®® or 
benzoylated^^® when heated with acetic anhydride or benzoyl chloride, 
respectively, and is methylated by use of the sodium salt and methyl 
iodide'^® or sulfate.^^^ If, however, isatin is treated with alcoholic 
potassium hydroxide and then with silver nitrate and this silver salt is 
treated with methyl iodide, the 0-methyl ether is formed. The struc- 
tures^^^ of the two methyl ethers have been established by synthesis and 
by chemical reactions. The bright red N-methyl ether (m.p. 134°) can 

Hbllbb and NOtzel, Ber ., 40, 1294 (1907). See also Refs. 118, 119. 
^**SuMPTBK, Chem , Soc,f 68, 2027 (1941), 

«»S0iDA, Ber ,, 11, 684 (1878). 

i^oHblleb, ibid., 36, 2762 (1903); ibid., 40, 1291 (1907). 

Bobschb and Jacobs, ibid., 47, 364 (1914), 
i^Hantzsch, Md., 64, 122 (1921); 66, 3180 (1922). 
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be obtained independently from N-methyl indole and sodium hypo- 
bromite or from oxalyl chloride and N-methylaniline followed by treat¬ 
ment with aluminum chloride.®* Moreover, the compound forms a 


R II [3 " -jBr2 H,o 

CH; 


CHa 


-C=0 

I 

C!=0 

\n/ 

CH, 


yellow solution of sodium N-methylisatinatc when dissolved in alkali 
and is re-formed unchanged when this solution is acidified. A tempera¬ 
ture of 150*^ causes no change in the properties. A Zeisel determination 
(HI) gives no methyl iodide. The blood-red 0-methyl ether (m.p. 
101 to 102 "^), on the other hand, dissolves slowly in dilute alkali, and the 
yellow-red solution gives back isatin, not methylisatin, when acidified. 
Aniline forms first an a-anil, not identical with the jS-variety, and 
subsequently a dianil; phenylhydrazine forms an a-phenylhydrazone 
identical with that obtained from indoxyl and benzenediazonium chlo¬ 
ride. Hydriodic acid gives methyl iodide quantitatively. 0 -Methyl 
isatin changes with great ease, even during preparation, to methylisatoid, 
a yellow bimolecular comx)ound, which melts at 219°, and is a condensa¬ 
tion product of the ether with isatin. The isatoid^^* gives no indophenine 
reaction with thiophene and concentrated sulfuric acid. 

P— f ^P ■ p 4 

H 

« C«HbNH2. 

R 

« CmtNHNHa, b CfiK^NsCl. 



H 


.---NCeHfi 


NCeHfi 


Although these chemical tests give definite evidence that a tautomeric 
condition exists, absorption-spectra studies^^^ show no measurable 
difference between the two ethers, nor for that matter between the ethers 
and isatin itself. 

Chlorine, bromine, nitric acid, or sulfuric acid introduce substituents 
at A second group, when it enters the molecule, substitutes at C 7 . 

These positions would be expected since €5 is para and C7 is ortho to an 
amino group, which can be regarded as acylated. 

The individual role that these separate parts of the isatin molecule 
play is emphasized by the fact that other molecules which contain any 

Baeyeb and Oekonomides, ihid.^ 16, 2093 (1882). 

Ault, Hirst, and Morton, J, Chem, Soc.j 1653 (1935). 

Liebbrmann and Kbauss, Ber., 40, 2500 (1907). 



132 


THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS 


of these groups will undergo the reactions in question. For example, 
acenaphthaquinone, benzil, and phenanthraquinone (page 46) can be 
used in place of isatin*^®'in the indophenine reaction; and the keto acids, 
such as pyruvic acid, and the phthalonic^^^ acid behave as docs isatiuic 
acid in condensations with active methylene groups. 

Isatin and substituted isatins serve as catalysts in the dehydrogena¬ 
tion of amino acids by oxygen or methylene blue. A possible mechanism 
is suggested^^® by the equation below. 


H 

RCCO^n -f 
NH 2 


I 


or 1 molo mefhvlene blue 


2 Isatin + 

H 2 O or ] 
methylene blue 


> RCC02II 4 * isatid 


NT! 

IlIsO 


RCJHO 4 - NH. 4- CO. 


Isatin^a-'anil is produced, as mentioned before, by the reaction of 
aniline with the 0-mcthyl ether of isatin. Curiously enough, it is not 
formed with a-chloroisatin.^^^ It is obtained also from thiocarbanilidc— 
itself formed from aniline and carbon disulfide—by a succession of 
treatments with lead cyanide (potassium cyanide and white lead), yellow 
ammonium sulfide (hydrogen sulfide solution saturated with ammonia and 
then with sulfur), and concentrated sulfuric acid as shown in the partial 
formulas below. 

B 

R SH a CN ,, CNH 2 r 

Nni^NC.Hj 

« Pb(CN)a. * (I^H 4 )>S. • HaSOi at 90 to 95®. Large R equals Cdii or CcUi. 

Isatin-a-anil, in contrast to isatin, has an active alpha position. 
Reduction of an alcoholic solution with freshly prepared ammonium 
sulfide gives indigo. The compound has also the very interesting prop¬ 
erty of existing in both the lactam (or anil) and lactim (or anilino) forms. 
The aniF®® crystallizes as yellowish-brown leaflets from alcohol; the 
anilino as violet prisms from benzene. Both forms melt at 
The corresponding benzoyl derivatives melt at 172 to 173° and 205°, re¬ 
spectively. No indigoid compound is formed from the latter by reduction. 

Indigo. —The history of indigo^®^® is long and replete with drama. 
Mummy cloths show that it was known to the ancient Egyptians; writ- 

Candea, BulL Bci, icole polytech. Timisoaraf 8,191 (1939); C.4., 33,4986 (1939). 
^^^Gkaebe and Tritmpy, Ber.j 31, 369 (1898); Kon, Stevenson, and Thorpe, 
J. Chem. Soc., 121, 652 (1922). 

i^Langenbeck, Ber., 60, 930 (1927); 61, 942 (1928). 

Callow and Hope, J. Chem. Soc.j 1191 (1929). 

PuMMEREB, Ber.f 44, 338, 810 (1911). 

(a) Perkin and Everest, ‘^Natural Organic Coloring Matters,^' Longmans, 
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ing« in Sanskrit reveal that the Hindus cultivated it, Pliny records 
that the Romans employed it as a pigment. In the twelfth to fourteenth 
centuries, certain European dyers began its regular use in Germany, not, 
however, without considerable opposition from the growers and users of 
woad, a plant related to indigo, which contains indoxyl combined with 
another sugar. These interests sought to arouse prejudice by calling 
indigo a harmful, corrosive ‘devouring deviP^ and promoted the passage 
of laws prohibiting its use. The French also sought to protect the local 
interest of the woad growers by regulations that required incorporation 
of woad with indigo in the dyeing operation. The superiority of the 
latter, however, led to the inevitable evasion and eventual repeal of such 
restrictions. 

The old method for preparing indigo was to pack freshly cut leaves 
and stems of the plant, Indigofera (order Leguminosae), in vats under 
water and allow them to ferment. Indican (page 124) was thus hydro¬ 
lyzed in about 15 hr. The yellow-orange or olive-green liquid, containing 
indoxyl, was drawn off. Aerial oxidation precipitated the indigo. The 
yield varied with the portion of the plant and the season. New leaves 
contained about 0.7 per cent, old leaves 0.4 per cent. Top leaves had 
more than bottom ones. 

Cultivation of the plant was attempted in many parts of the world 
but was concentrated in the Dutch East Indies, where the planters 
acquired a virtual monopoly and enjoyed a high price for their product. 
The development of synthetic indigo caused abandonment of the planta¬ 
tions. For a brief period during the First World War, when the supply 
from Germany was cut off, there was a revival of interest in the natural 
product, only to disappear again permanently^®^* when the war ended 
and manufacture was established in other countries besides Germany. 

Synthesis of indigo was due to the splendid work of Baeyer. He 
began with a study of isatin in 1870®®. In 1878, he prepared indigo from 
phenylacetic acid via oxindole. Since he had earlier®® shown that isatin 
could be converted to indigo by treatment with phosphorus trichloride, 
phosphorus, and acetyl chloride followed by aerial oxidation, this process 
can be considered as the first orderly synthesis of the dye. Other and 


R —CH2 
i^OjH 



Indigo 


« (1) HNO.; (2) Sn + HCl or FeS04 + NH*; (3) boat. ^ (1) HNOa; (2) Sn + HCl; (3) FoCh. 
«PCh. * Oxygen- 


Green and Company, New York, 1918; Thorpe and Inoolo, ^‘Sjmthetic Coloring 
Matters. Vat Colors,Longmans, Green and Company, New York, 1923; {h) 
Davis, J, Soc. Chem. Ind,, 48, 303 (1924). 
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more practical methods quickly followed. o-Nitrocinnamic acid was 
converted to a dibromo compound from which elimination of h^^drogen 
bromide led to o-nitrophenylpropiolic acid, which under the reducing 
influence of glucose and hot alkali changed to indigo. This method, but 
with sodium xanthogenate and borax as reducing agents for the propiolic 
acid, proved valuable for calico printing. A synthesis from o-nitro- 
phenyl acetylene, by which the two parts of the molecule were linked 
before indigo was formed, was interesting because the diacetylene com¬ 
pound clearly showed that two indole nuclei were joined in indigo. 

NO2 NO2 O2N 

o Reaction of o-nitrophc*nylacetylene (obtained from o-mtrophenylpropiolic acid in boiling i^ator) 
with ooiiper followed by potassium ferric>amde. ^ (1) Cone. H 2 SO 4 ; (2) (Nll4;2Sx. 


The present practical method of Heumann from anthranilic acid has been 
described already under indoxyl, which is the primary intermediate. 

Indigo is applied to the fiber as a vat dye. The conjugated diketo 
system 0—C—C—C—C=0 is converted by reduction to an alkali- 

I I I I 

soluble indigo white or dienolic form HO—C—C—C~C—OH. The 

.1111 

fiber is dipped in the solution. Aerial oxidation forms the dye on the 
fiber. The old method of reduction was a fermentation vat that prob¬ 
ably contained monosaccharoses. Sodium hydrosulfite, Na 2 S 204 , was 
subsequently used extensively. In recent years, the reduced form has 
been stabilized by treatment with the pyridine salt of chlorosulfonic 
acid, whereby the sodium salt of a half ester of sulfuric acid, known as 
indigosolj^^^ is formed. Indigosol is stable to air and, hence, is useful 


R 


ONa 

1 

ONa 

1 _ 

OSOjNa 

_ 1 

OSOj 

1 , 


zxn 

DzX 


0-C K 

K c—c 




\n/' 

H 

H 

H 

H 


R 


Indigo white 


Indigosol 


in printing. It is convertible on the fiber to indigo by such a mild oxidiz¬ 
ing agent as sodium nitrite. 

Indigo^®® may exist in a cis or trans form. Derivatives of each are 


Beil, Z. angew, Chem., 87, 745 (1924); Schultz, Am, Dyestuff Reptr,, 88, 138 
(1934). 

Indigo is variously referred to as indigo, indigo blue, indigotin, diindogen, 
bisindol-2-indigo and A*'®'-bipseudoindoxyl. 'p&J last name is the one employed by 
Chemical Ahstracts. 
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known. For example, oxalyl chloride in boiling nitrobenzene^®^ or at 


|?A«AD DA„AD 

I\\n/ \n/‘^ 


O 

II 


C,Hc O 


\n/ 

\c-c/ 

h I 

Oxalyliudigo 


\c— 

O C'eHs 

Ciba Lake rod B 


room temperature,^®® or ethoxyoxalyl chloride,^®® 0211600 ( 0 ) 0 ( 0 ) 01 , in 
pyridine for 2 hr., forms the dull yellow oxalyl indigo which is a cis deriva¬ 
tive. Boiling phenylacetyl chloride^®^ gives the red material known as 
ciha lake red B, a trans product- The fact that diacetyl-, dil>enz()yl-, and 
diethoxalyl-indigo are intensely reddish-violet colored compounds sug¬ 
gests that the trans form is the stable variety on the fiber. It does not 
follow, however, that all cis products are yellow; the dianil of oxalyl- 
indigo is violet red. Some tests indicate that the cis form is the one 


NCeHfi 

i 


NCgH, 


IN\n/ 


\c—c/ 

O 0 


first deposited on the fiber and that the stable Irans isomer forms subse¬ 
quently. ^®® For instance, when a vat is shaken with air at room tempera¬ 
ture, the dark blue precipitate first formed is more soluble in organic 
solvents, particularly in dioxane where this primary and deeper color is 
stable for a long time. On the other hand, a product prepared at the 
temperature of the steam bath or one obtained after long standing and 
drying is not so soluble and has a less intense blue color. Moreover, the 
more soluble and therefore cis variety dissolves readily in a mixture of 
87.5 parts of acetic acid and 12.5 parts of sulfuric acid, whereas the trans 
form is insoluble. 

The hydrolysis of indigo as carried out by Fritzsche^®^ with highly 
concentrated alkali (NaOH or KOH) has considerable historical interest 
as the first preparation of aniline. The blue color of indigo is destroyed 

FriedlXnder and Lander, Ber,, 67, 648 (1924). 

“»VAN Alrhen, 72, 525 (1939). 

^^•vAN Alphbn, Rec. trav. chim., 58, 378 (1939). 

“’^PosNEE, Ber., 57, 1799 (1926). 

Heller, 72, 1858 (1939). 

^^’Peitzschb, J, prakt Chem., I, 20, 453 (1840); Ann., 86, 84 (1840), 
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by the hot alkali and a brown-red mass obtained. Pyrolytic distillation 
of this brown saltlike product gives ammonia and an oily brown liquid, 
which by subsequent distillation is obtained colorless. The yield is 
about 18 to 20 per cent of the indigo used. Fritzsche named this new oil 
aniline, after the Arabic an-nil, which means *Hhc indigo.^’ 

Milder conditions, such as are encountered during the concen¬ 
tration of a dilute alkaline solution until the boiling point reaches 150° 
give, after acidification, a composition once called chrysanilic acid, which 
by subsequent heating with dilute mineral acids, particularly sulfuric 
acid, gives anthranilic acid. Not until nearly 70 years after observation^®^ 
were the processes involved in these reactions understood. As a primary 
reaction, the alkali promotes a hydrolytic cleavage, possibly stepwise, 
to indoxyl- 2 -aldehyde and anthranilic acid. 


Wnu, \y\\ 


« HjO + NaOH. 


As secondary reactions, some of the aldehyde may decompose to indoxyl, 
and the rest then reacts with this indoxyl, or the aldehyde may condense 
with the anthranilic acid, or indoxyl may condense with anthranilic acid. 
A mixture of products results. Moreover, the anil produced witli 
anthranilic acid may later be cleaved by mineral acids. Alkali scission 
when carried out carefu^y and for the short time necessary to obtain a 
maximum amount of cleavage with few by-products is an excellent 
method for breaking the many kinds of indigo and related molecules into 
an aldehyde and an acid. 

Indigo forms complexes with metals when treated with the metal, or 
its oxide, carbonate, or acetate in anhydrous high-boiling solvents such 
as pyridine. The deep black double-refracting crystals of the copper 
complex, C 82 H 18 O 4 N 4 CU, contain two atoms of active hydrogen (CHsMgl 
test) and probably have the structure represented below by a partial 
formula, in which the primary valencies of the bivalent metal (Cu, Zn) 



Indigo-metal complex 


Indigomalonic ester-metal complex 


160 Feitzsche, J, prakt. Chem. [I], 23, 67, 79 (1841); Ann., 39, 76 (1841). 

Frieblandee and Schwbnk, jBer., 48, 1971 (1910); Friedlandjeie and Kieit 
^AiSINSKi^ 44, 3104 (1911). 
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are bound to nitrogen and the coordinated one to oxygen. This for- 
mula^®^ is supported by the fact that the so-called ^‘indigomalonic 
ester” forms a beautifully crystalline metal complex also from the reaction 
of a cold saturated pyridine solution of the ester with a concentrated 
solution of copper acetate in 22 per cent ammonia. 

Oxidation of indigo by air^®^ during sublimation, by permanganate,^®^ 
by aerial oxidation of the metal complex in pyridine, or by a concen¬ 
trated alcoholic solution of silver acetate^®® forms anhydro-a-isatin- 
anthranilide. Isatin is a probable intermediate. The structure of the 
yellow compound (m.p. 261°) is proved^®® by subjecting the anil from 



« Ac 20 or HOAc + U 2 SO 4 . 


chloroisatin and anthranilic acid to ring closure by a dehydrating agent 
such as acetic anhydride or sulfuric-acetic acid mixture. 

Isoindigo and indirubin are isomers of indigo. The former crystal- 


O O 

/ \ / \ 

HN C=C NH 

\ / \ / 

C/etb C0H4 


R 


0 o 

/ \ /^\ 
C==C NH 

g C.H 4 


Isoindign; isoindiKotin; 
bis-findol-3-1 indigo; 
*'-dioxindole 


Indirubin 
Indigo red 


lizes from' acetic acid in small brown red crystals (m.p. 350°) and 
from methanol in plates. The solution in acetic acid is decolorized by 
zinc dust. The compound^^^ is prepared from isatin and oxindole in 
acetic-hydrochloric acid solution. Indirubin, on the other hand, is 
prepared from isatin and indoxyP®^ or from chloroisatin and oxindole.'®^ 
Indirubin will form a leuco compound by reduction and act as a vat dye. 
The reduction, however, is apt to proceed to indoxyl, which on aerial 
oxidation will give the blue shade of indigo. DeqompQsitioii of indirubin 

Kuhn and Machbmer, ibid.^ 61,118 (1928). 

168 Perkin, Proc. Chem. Soc. London^ 22, 198 (1907). 

Machbmer, tbid., 63, 1341 (1930). 

Heller, Md., 69, 563 (1936). 

FriedlAndeh and Roschdestwensky, tWd., H. 1841 (1«15), < 

Wahi, aii4 Hagard, St(U. foe. chim. [4], (f, 1043 (1909). 



138 


THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS 


by alkali gives anthranilic acid and oxindole-3-aldehyde^®^ analogous to 
the behavior of indigo. 

Bromjnation of indirubin gives a di- and a tetra-brorao derivative, 
the last known as ciba heliotrope B[l]. Other substituted indirubins are 
prepared from substituted isatin, indoxylic acids, or indoxyl. 

Bromindigo is the dye that is obtained from the glands of shellfish, 
Murex brandaris. The ancient dyers^®^ used this extract in making the 
famous Tyrian purple. The secretion in the fish is practically colorless. 
The purple color develops when the fluid or the cloth, stained with the 
extract of the mollusks, is exposed to sunlight. In 1879, Schunk^®® 
isolated 7 mg. of crystalline product from 400 mollusks and showed that 
it had the behavior of a vat dye. Years later, Friedlander^®® allowed the 
color to develop by exposing the glands of 12,000 specimens of Murex 
hrandaris on filter paper to sunlight, mascerated the product with dilute 
sulfuric acid (1:2), and after filtering and extracting with hot water, 
extracted the color with alcohol in a Soxhlet extractor. The product, 
when crystallized from ethyl benzoate and then from quinoline, amounted 
to 1.4 g. Analysis revealed the composition as Ci6H8Br2N202. Since 
the color developed from a soluble substance, he reasoned that the 
colorless compound was probably a molecule with eight carbon atoms 
and the bromine atom could therefore be in one of four positions on the 
benzene ring. By comparison with a laboratory preparation, the syn¬ 
thesis of which had been accomplished earlier, he was able to show 
that the natural product was 6,6'-dibromoindigo. Modern dyes surpass 
this famous natural one in brilliancy. 

Conjugated Indigo Analogues. —When indoxyl is warmed with an 
aqueous alcoholic acid (HCl) solution of glyoxal bisulfite, a product is 
obtained^“ in which the two indoxyl nuclei are separated by a conju¬ 
gated system as shown by the partial formulas below. The compound 
crystallizes from nitrobenzene or ethyl benzoate as violet-colored quad- 

0=C—C==CH—CH=C—C=0 ^ HOC=C—CH==CH—C=r—OH 

|3 2 \ |2'3'| ^ l3 2| |2'3'| 

ratic crystals with a metallic sheen. It sublimes, dissolves in cold con¬ 
centrated sulfuric acid, undergoes sulfonation in warm sulfuric acid, and 
behaves as a vat dye. The hydrosulfite reduction product is, however, 
an intense yellow orange color rather than colorless, because of the pres¬ 
ence of three conjugated double bonds. Indoxyl can be condensed 
similarly with ortho- and tere-phthaldehyde. 

18* ScHUNK, J, Chem. Soc.y 35, 591 (1879). 

i8» Fribdlandrr, Monatsh., 28, 991 (1907); Ber., 42, 765 (1909); Chem,-Ztg,, 640 
(1911). 

1^8 Sachs ahd Kbmp, Ber., 36, 3303 (1903); Sachs and Sbchbl, ibid., 37, 1868 
(1904). 



CONDENSED PYRROLE SYSTEM 


13d 


halogens were first obtained when Baeyer^^^ treated o-nitrophenyl- 
propiolate, NO 2 C 6 H 4 CS CC 02 Et, and o,(5-dinitrodiphenylacetylene, 
NO 2 C 6 H 4 CSCC 6 H 4 NO 2 , with cold concentrated sulfuric acid. An 
isatogcnate and diisatogen, respectively, isomeric with the original com¬ 
pound, were obtained. 

O 0 



I\\n^ \n/' > 


h i o 

Etli3'l isatogeiiate Diisatogen 


The process depends on proper addition of water to the triple bond 
and subsequent dehydration of the ketone. Should addition take place in 
the reverse order, as in the case of 2,4-dinitrotolane, dehydration cannot 
occur, and the product is a desoxybenzoin. Contrasting cases are shown 
below. 


p. o^ccOjEt r 

N CCOCHjCOjEt p, 

Kko. 4 

-Rj 


O 


Large R =» C6H4<. 

H2BO4 aq. 

0 |CsCC,H, . CH2C(0)C0»Et 

I NOj O 2 N NO 2 

® H 2 SO 4 aq. 


The compounds can be prepared^^^ also from pyridine or quinoline 
solutions of e-nitrotolanes or o-nitro-j3-chlorostilbenes by heat or exposure 
to light. The sequence of reactions from the stilbene compound is 
shown below. 


e 


R rq4--CHR' 
NO, 



01 Cl 
CIICHH' 


NO 2 



Large R » C«H4; small 11' «* CsH&. 

« Ch. * Warm pyridine, KOH. « Pyridine and sunlight. 



Still another method of preparation^’® is to allow a chloroform solution 
of an o-nitrotolane to stand for many days in the dark with nitrosd*^ 
benzene. The nitrosobenzene acts as a catalyst. 

171 Baeyer, Ber.y 14, 1741 (1881); 15, 50 (1882). 

i7a Pfeiffer and cowobkers, Ann., 411, 72 (1916). 

i7» RxraGLi, Caspar, and Hbqedus, Helv, Chim. Acto, 20, 260 (1987). 
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Isatogens are like diketones. They have a carbonyl and a nitrone 
system (see page 198). Like quinones, they are colored, liberate iodine 
from hydriodic acid, and form black crystalline quinhydrones with their 
reduction products. They form two oximes. The carbon one is identi- 


R - CeH4. 


R 


-C=NOH 


'o 

Yellow-orange 
(m.p. 236°) 


P LI 

IN\n^ 

li 

NOH 

Bright yellow 
(m p. 16^-168°) 


fied by reduction with zinc dust in acid to 3-amino-2-phenyliiidole. 
The nitrogen one, by the same treatment, gives phenylindoxyl. Both 
oximes give acetyl derivatives. 

Acetic anhydride and concentrated sulfuric acid convert tlie isatogen 
to a triacetate, after the manner of formation of a triacetate of quinone 
under the same conditions.Hot alcoholic hydrochloric acid removes 



« AcaO -f- HjSO*. ^ Boiling ale. HCl. 


OA(‘ 

C’»H5 


/ - ji t)Ar 

Ac 


the acetyl group in the aromatic ring; cold sulfuric acid or zinc chloride 
eliminates all acetyl groups and forms 2-phenyl-5-hydroxy-G-mtro-3- 
ketoindolenine. 

Isatogens show 1,3-addition^^^^ across the nitrone. Acetic anhydride, 
acetyl chloride, and cold alcoholic hydrochloric acid give, respectively, 
the addition products pictured below by partial formulas. 



R 

OAc 


OAc 


2pR 

\n/ 

OAc 


C 

\n/ 


R 

OEt 


OH 


The compounds are called “isatogens^’ because they were discovered 
by Baeyer during his work with isatin and other products related to 
indigo. Baeyer proposed a threc-membered ring formula, with the 
oxygen attached to both nitrogen and the 2-carbon atom. The oxide 
formula represents better, however, the quinoid character of the com¬ 
pounds. Hot alcoholic hydrochloric acid converts isatogen into iso- 
iaatogens,^^® which may have the ring formula suggested by Baeyer. 
The isatogen is reformed by heating above the melting point for 5 min. 
or by heating with phenylisocyanate. Reduction of diisatogen with 

Ruggu and Leonhabdt, ibid^j 7, 689 (1924). ^ Smith, Chem. Rev., 28, 193 

(1938). 
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sulfides, with zinc dust and ammonia, or with sugar and warm alkali 
converts it to indigo. 


CARBAZOLES 

The anthracene fraction of coal-tar contains carbazole, which can be 
separated by fusion with caustic potash and separation of the potassium 
carbazole so formed. In the laboratory, the members of this series can 
})e prepared by the Graebe-Williams synthesis, a process that is practically 
identical with the methods for the preparation of diphenjdcne oxide. 
The sequence below shows the steps by which an o-aminodiphenylaminc 
is prepared and converted through a triazole to a carbazole. 


" 0 .“ 


P“ iD 

l\ NltCJJIs l\ 


N 

/ \ 

N 

\ / 

Nr(\Hs 


Large R ~ N020all8<. 

« H 2 NChH 6 at 150°. ^ SnCL + HCl in HOAc, HNO 2 in HOAc. 
at 360 to 380° in an atmosphere of CO 2 . 



The preparation from phenylh>drazines and a- or /3-naphthols by 
a variety of Fischer indole synthesis has already been mentioned and is 
illustrated below in the preparation of an ll-benzo[a]carbazole. Simi¬ 
larly, ^-naphthol gives 7-benzo[c]carbazole. The numbers 11 and 7 refer 
to the positions of the nitrogen atom in the two compounds. The letters 
a or c refer to the side of the carbazole nucleus to which the benzo 
group is attached, a being the side between Ci and C 2 of carbazole and c 
the side l)etween C 3 and C\. A full discussion of naming and numbering 
is given on page 326. 

NHNH 2 

X) 

Carbazole melts at 245° and boils at 355°. It is a feeble base and 
gives the pine-splinter test as do other pyrroles. Nitrous acid gives an 
N-nitroso compound that undergoes rearrangement to a 3-nitroso carba¬ 
zole as in the case of aromatic amines. Nitric acid gives a 3-nitro- and 
a 3,6-dinitro-product but the stronger warm fuming nitric acid forms 
1,3,6,8-tetranitrocarbazole; aqueous sodium or potassium hydroxide 
and acetyl chloride in acetone solution converts carbazole to an N-acetyi 
derivative in a manner that parallels the Schotten-Baumann reaction; 
the Friedel-Craft reaction introduces a benzoyl group at Ca and Ce if the 
nitrogen atom is unsubstituted, but if protected by an acyl or aroyl group, 
the position taken is at C 2 ; an N-benzoylcarbazole undergoes rearrange- 
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ment to a 3-benzoyl product when heated with aluminum chloride at 
120®; and sodium and amyl alcohol gives a 1,4-dihydro- and a 1,2,3,4- 
tetrahydro-compound. ^ 

When carbazole is condensed by sulfuric acid with nitrosophenol, an 
indophenol product results; this product in boiling alcoholic solution 
with sodium polysulfide yields a dye known as '‘hydronc blue/^ The 
structure is probably that of a thiazine (see page 480). 

NaiSa 

o 

Carbazole yellow is obtained by tetrazotization of 3,6-diaminocarba- 
zole and coupling with salicylic acid. Polymerized N-vinylcarbazole, 
sometimes called Luvican, is a product resembling mica. 

Problems 

1 . In each of the following cases suggest a product that is consistent with the 

reagents employed and the empirical formula given for the product formed: (a) 
Benzoyl-o-toluidine heated with sodium ethoxide in a metal bath at 260 to 280. 
ChHuN. (b) The p-tolylhydrazone of isobutyraldchyde warnn'd to 60® in alcoholic 
zinc chloride solution.CnHiaN. (c) /^-Xylylhydrazine with pyruvic acid fol¬ 
lowed by heating with zinc chloride.^^^ CnHuNO-i. (When heated, this compound 
changes to CioHnN, identical with the product obtained from pyrrole and acetonyl- 
acetone in acetic acid that contains zinc acetate.) (d) Phenylhydrazine and a-keto- 
glutaric acid, COOH(CH,) 2 C( 0 )COOH, (how prepared?). (c) 

Acetoneanil heated with sodium in ethyl alcohol, until the temperature reaches 105°. 
C 12 H 17 N. The product of the reaction of a-naphthylamine with acetone, treated 
with sodium in boiling amyl alcohol. (f) a-Naphthyl phenyl amine 

with oxalyl chloride, followed by treatment with anhydrous aluminum chloride.®^ 
CisHiiNOi. (g) N-acetyl-o-aminoethylbenzene heated with sodamide.^®® CioHnK. 

2. Suggest a convenient series of stops for obtaining an indole compound from 
phenylacetaldehydc. 

3. Nitration of 2,3-dimethylindole by nitric acid in concentrated sulfuric acid is 
suspected of introducing a nitro group in the 5-position. Suggest a synthesis that 
would confirm such an opinion. 1 ** 

Plant and T6 mhnson, J. Chem. Soc., 2388 (1922); Plant and Williams, 
ibid., 1142 (1934); Plant, Rogers, and Williams, tbid., 741 (1935); Stevens and 
Tucker, ibid,, 123, 2140 (1923). 

Groin, Monatsh., 27, 731 (1906), 

Plancher and Caravaqgi, Atti accad, Linceif 14 [V], i, 157 (1905). 

Kermack, Perkin, and Robinson, J, Chem, Soc., 119, 1602 (1921). 

Knoevenagel, Ber,j 65, 2309 (1922). 

KeimatSu and Sugasawa, J. Pharm, See, Japan, 48, 755 (1928); C,A, 23, 834 
(1929). 

181 Weermann, Ann., 401, 1 (1913); Rec, trav. chim., 29, 19 (1910). 

Plant and Tomlinson, J, Chem. Soc,, 955 (1933), 
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4. Outline the steps for the preparation of 3,3-dimethyl-V'-indole from ethyl 
acetoacctate and aniline as starting materials. What reaction is possible if the 
product is treated with hot mineral acids?^®® 

6 . What is the product obtained by the following sequence of reactions? An 
alcoholic solution of o-nitrophenylethyl bromide is treated with stannous chloride and 
hydrochloric acid at 60®; the reaction mixture is cooled, made alkaline by sodium 
hydroxide and extracted with ether; the residue after evaporation of the ether extract 
is heated to 150®; and the purified product from these operations is refluxed and stirred 
in a xylene solution with palladium. 

6 . lOthyl acetoacetate, 0.5 mole, is heated with two successive portions of benzyl 

chloride, each 0.5 mole, for 3 hr. each in presence of alcoholic sodium ethoxide. The 
product is then heated for 2 hr. -with hydriodic acid (1.7 sp. gr.) in order to give, in 
good yield, a compound with the (‘omposition ChrllisO. This material is, in turn, 
treated first with pheiiylhydrazine and, subsequently, with zinc chloride for 20 hr. 
in boiling alcohol, to form a product of the composition What is the 

probable structure of this compound? When the free base of this last product is 
treated with acetic anhydride and sodium acetate for 4 hr. at 100°, the product 
obtained has the composition r 2 fiH 230 N. What is the probable structure?^**^ 

7. What is the product from the following sequence of reactions which employ 
the reagents named and produce compounds of the emjnrical composition indicated?^*5 
( a) p- Ethoxyphenylhydrazine condensed with an aldehyde, 0=ClirH(C'H 3 )CH 2 CTl 2 - 

N—('’ 8 H 4 O 2 (devise a method for preparing this phthahmido containing compound 
from aldol), under the mfluence of hydrochloric acid. (’ 2 in 2 oN 208 . ( 6 ) Methylsul- 

fate. (c) Hydrazine hydrate in absolute alcohol followed by aqueous hydrochloric 
acid. ruHaoNaO. 

8. When the compound, pictured below, is dissolved in warm pyridine and 
exposed to bright sunlight for many days, a product that melts at 282® and has the 
composition Ci.>HiiN206 is obtained in 60 to 65 
per cent yield. Suggest a method for obtaining 
the compound illustrated, and describe all the 
changes that occur in its transformation to 
C 22 H 11 N 2 O 6 . The reaction of the product with 
phenylhydrazine at 70® causes nitrogen evolution 
and formation of a C 22 H 12 N 2 O 6 compound. 

What is the probable reaction?^** 

9. 3,4-Dimethoxylbenzaldehyde (how obtained?) is treated with cold concen¬ 
trated hydrocyanic acid and the product then allowed to react with acetic anhydride 
and sodium acetate. This compound, Ci 2 Hi 8 N 04 , is dissolved in benzene and ether, 
and the solution is treated with gaseous hydrochloric acid and then with cold concen¬ 
trated nitric acid. The product, CioHiiN20tCl, is converted by catalytic reduction 
with hydrogen and palladium in acetic acid to a CioHuNOg compound, which forms 
an oxime with hydroxyl amine. What is the probable structure of all products 
formed? 

10. What is the product obtained from the following? ( 0 ) Chloroacet-p-toluide 
heated with anhydrous aluminum chloride at 230° until evolution of hydrochloric 

Robinson and Suginone, ibid,, 298 (1932). 

1** Adkins and Coonradt, J, Am, Chem, Soo,, 68, 1563 (1941). 

i*®Leuchs, Heller, and Hoffmann, Ber,, 62, 871 (1929). 

Rxtggli and Disler, Helv. Chim, Acta, 10, 938 (1927). 

Hahn and Schulz, Ber., 72, 1308 (1939); Hahn and Tulus, ibid., 74, 500 (1941). 
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acid ceases.®* ( 6 ) p-Ohloroanilino hoatod with chloral hydrate and hydroxylaniine 
sulfate and the product of this reaction treated with concentrated sulfuric a(‘id at 
60 to 75®.^*® (c) n-Mcthylaniline treated with oxalyl chloride and the product 

allowed to stand many days in carbon disulhde with anhydrous aluminum chloride.®* 

11 , w-Aminobenzoic acid (how obtained?) is diazotized and treated with ethyl 
cyclopentanone- 2 -carboxylate. The orange-brown product is boiled in alcoholic 
sulfuric acid to which more sulfuric acid is subsequently added. Two isomeric 
products, ChJIasNOe, arc obtained.^** What are the possible structures? What 
methods might be used to determine the correct structure of each? Name the 
compounds. 

12. Devise a sequence of reactions for the preparation of dcsoxyeseroliiie from 
1,3-dimethyloxindole.** 


CHa 


P r 

INxn/hXn/ 

CHs CHa 


CHa 


(’Ha 


18. Wliat is the structure of the C 22 H 24 N 2 compound that results when a-methyl- 
indole is heated with isohutyraldehyde?^*® 

14. Suggest methods for the preparation of 1 -methylindolc,* 2 -methylindole,®' 
3-mcthylindole/ and 1,2-dimethylindole.^*® 

16. Suggest a method for the preparation of l,2-dimcthyl-t5-methoxyindoline, 

CHjOC'eH,-N-CH- 

CH, GH, 

16. What'is the product from the following sequence of reactions? 1,3-Dimethyl- 
oxindole treated with sodium and bromoacetal, the product shaken with 5 per c('nt 
hydrochloric acid and then treated with sodium cyanide in the presence of sodium 
bisulfite to give a compound with the composition C 13 HUN 2 O 2 . This last product 
is treated with alcoholic ammonia followed by hydrochloric acid, to give a compound 
with the composition Ci 8 Hi 6 N 208 ^®* which, when heated above its melting point 
(188®) in a vacuum, changes to Ci 2 HieN 20 . 

17. 2-Nitroveratraldehyde, under the influence of acetic anhydride and sodium 
acetate, condenses with hippuric acid to an azlactone, which has the composition 
Ci 8 Hu 06 N 2 . Hydrolysis with 10 per cent sodium hydroxide for 10 to 15 min. con¬ 
verts this material to an acid with the composition C 18 H 16 O 7 N 2 . Prolonged hydrolysis 
with strong alkali in aqueous ethanol solution, however, causes liberation of ammonia 
and subsequent formation of orange needles (besides other products) which have the 
composition C 10 H 0 O 4 N. This last product forms a semicarbazone, is insoluble in cold 
aqueous sodium carbonate, but is soluble in aqueous sodium hydroxide, the solution 
being crimson colored at first, changing to pale yellow in a few minutes. The orange 
colored material is, however, regenerated by acidification and boiling. Concentrated 
sulfuric acid dissolves the orange-colored crystals, and this solution becomes green 
or greenish blue when shaken with thiophene. What reactions^*^ take place in this 
series? 

18. What are the products obtained in a synthesis that starts with o-nitro-p- 
toluidine £^nd uses each of the reagents listed below in a sequence that ultimately 

1 ** Koelbch, /. Org. Chem,, 8 , 295 (1943). 

Rknz and Lobw, Ber., 36, 4326 (1903); Dbqen, Ann., 286, 153 (1886). 

i®® SpXth and Brunner, Ber., 68, 518 (1926). 

1 ®^ Guluand, Robikbon, Scott, and Thornlet, J. Chem. Soc., 2924 (1929). 
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forms a product with the composition CioH9N02?^®* (a) Sodium nitrite in sulfuric 

acid. (6) Dimethyl sulfate in alkaline solution, (c) Ethyl oxalate and potassium 
ethoxide in anhydrous ether, (d) Ferrous sulfate, ammonia, and water, (c) Heat 
(in glycerol). (/) Chloroform and potassium hydroxide. 

19. What product forms in each case below? (a) 5-Bromo-l-methyl-oxindole 

heated with an alcoholic solution of p-dimethylaminobenzaldehyde that contains a 
few drops of piperidine. (Jb) Indoxyl added to an aqueous ethanol solution of 
6-aminopiperonal (how prepared?) and the mixture boiled for 4 hr.^®^ (Product is 
C 16 H 10 N 2 O 2 .) (c) Indoxyl treated with an alcoholic solution of the aldehyde, C/ 7 H 6 O 3 , 

from pyrocatechol (how prepared?) in the prcbencc of a few drops of piperidine. 

{d) n-Phenyloxindole, heated for 2 hr. with moderately strong {\N) alkali.®® 

20. Suggest a method for the preparation of an o-amino-derivative of malachite 
green from a heterocyclic compound. 

21. The acetyl or benzojd derivative of isatin might be either N- or 0-substiluted. 
What simple test could be made to determine the position?’““* 

22. Oxidation of the colorless phenolisatin with potassium ferricyanide or with 
manganese dioxide yields a deep red-violet color which on standing disappears. 
Suggest an explanation for the appearance of the color. 

23. Suggest a method for the preparation of (o) Isatin-7-carboxylic acid.^ 2 ® (6) 

n-Phenylisatin.®8 (c) 1-Ethy 1-3,3,5-tribromooxindole.®® 

24. Name the product obtained in the following reactions:®* (a) N-M(*thyloxin- 
dole with isatin in the presence of a few drops of hydrochloric acid in acetic acid 
solution. (6) N-Methyloxindole heated with p-nitrosodimcthylaniline in acetic acid 
solution, (c) N-Ethyloxindole warmed with N-ethylisatin in alcoholic solution with 
a small amount of piperidine, (d) N-Phenylisatin, warmed with /3-hydroxythio- 
naphthenc, in a little alcohol that contains sodium carbonate. 

26. What is the product obtained in the following condensations? (o) 5-Bromo- 
a-chloroisatin condensed with 3-hydroxythionaphthene.^®^ (6) Isatin condensed with 
3-hydroxythionaphthenc,^®*’^®^ (c) Isatin-cr-anilide condensed with 6-methoxy- 
coumaranone.'®* (d) Isatin chloride with resorcinol.(c) Isatin chloride and 
a- or /J-naphthol.^®-^ (/) Isatin chloride and a-anthrol.^®’ (^) 5-Cliloroisatin- 
a-anilide and IjS-dihydroxj^anthracene.^®* (h) Isatin chloride condensed with 
of-hydrindone.^®* 

26. The formula of isatide has been the subject of some dispute; one view is that 
the compound is a ijinacone, the other that it is a quinhydrone. 


A 


OH 


tHsNO 


OH 

-C— 


3' I 

CtHsNO 


or CeH^N 


“C^OH 


1/ 


0-=C-0=0 


COH'' 


l3' 2' 

CeHsI^ 


n 


Isatide may be prepared from isatin and dioxindole in alcoholic solution in the presence 
of pyridine. Devise a method for the preparation of 5-methylisatide by two different 
ways and show what bearing the result might have on the problem of structure.^®* 

Harvey and Robson, tbtd.j 97 (1938). 

Fhiedlander, Monatsh,, 29, 359 (1908); 80, 347 (1909); Her., 41, 772 (1908); 
Bezdzik and Friedlandeb, Monatsh., 29, 375 (1908); 80, 271 (1909); Friedlander 
and ScHULOFF, ibid., 29, 387 (1908); Feldc and FriediJlnder, ibid.^ 31, 55 (1910). 

Wahl and Baoard, Compt, rend,y 166, 898 (1913). 

1®* Sumpter, /. Am, Chem. Soc.f 64, 2917 (1932); Heller, J, prakL Chem.y 136^ 
?22 (1932), 
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27. Many compounds have been prepared which have the unit —C—C=C—C—, 
necessary for a vat dye, yet do not always contain an indole, or for that matter a 
heterocyclic nucleus. In each of the following instances a colored product is obtained, 
which, by reduction, yields a colorless or differently colored material from which the 
original color can be obtained by aerial oxidation. What is the product formed in 
each case? (a) Acenaphthene with potassium dichromate or acenaphthenequinone 
with hydriodic acid gives an orange-red compound.^®® (b) The methyl ether of 

toluhydroquinone oxidized by dichromate gives a yellowish- 
red material.(This reaction was known before the structure 
of indigo was determined.) (c) The lactone of jS-benzoyl- 
propionic acid (how prepared?) treated with ferric chloride 
in alcohol solution forms a red compound.^®® (d) Hydroxy- 
thionaphthene, CgHcOS, and glyoxal, while dissolved in warm 
acetic acid that contains a few drops of hydrochloric acid 
gives an orange-red colored compound that changes to yellow 
when treated with hydrosulfite. (c) Hydroxy thionaphthene and maleic di-aldehyde, 
OH(v —CH=CH— Clio, (how prepared?) yields a red-brown compound, C 20 H 12 O 2 S 2 , 
when treated with a few drops of hydrochloric acid in alcohol solution.(/) 3- 
Methyl- 6 -hydroxybenzoylformic acid condensed with 3-hydroxthi()naphthenc-2- 
carboxylic acid in glacial acetic-sulfuric acid solution.^®® 

28. Devise a synthesis for G, 6 '-dibromoindigo that utilizes a substituted benzaldc- 
hyde as the starting material. 

29. When 2-thionaphthene-2-indole indigo, 0 =^CoH 4 ^—(*)NH 06 H 4 C= 0 , is 
heated with alkali at 150® and the product then warmed with dilute mineral acid, a 
crystalline r(*d dyestuff, blue-violet in alkali, is obtained in good yield. The analysis 
shows the composition C 17 H 10 O 2 S 2 .*®® What is the probable structure of this com¬ 
pound? Account for its formation. 

30. When an ethanol solution of the acetyl derivative of 3-hydroxy-2,5-diphenyl- 
furan is refluxed with ferric chloride for 3 hr., the product formed has the composition 
C 82 H 2 a 04 . What is the probable structure of the compound formed? With what 
system would the product be compared? What would be the probable result of 
treating the C 82 H 22 O 4 compound with (a) catalytic hydrogen over platinum oxide 
in a mixture of acetic anhydride, zinc<«liloride, and concentrated hydrochloric acid; 
and (b) bromine in carbon tetrachloride solution?®®^ 

31. Terephthaldehyde (how prepared?) is allowed to react with 2,4-dinitrotoluene 
in the presence of a few drops of piperidine at 160®. The product (C 22 H 14 N 4 O 8 ) is 
suspended in acetic acid and treated with chlorine at 110 ®, and the addition compound, 
C 82 H 14 N 4 O 8 CI 4 , is then boiled in pyridine for 4 hr. to give a compound of the com¬ 
position C 22 Hi 2 N 408 Cla (m.p. 248®). This last compound is allowed to stand in a 
suspension of pyridine for 7 months in sunlight. The color changes slowly from yellow 
to dark brown. The crystals, when recovered, are violet-brown, melt at 294®, and 
have the composition C 22 H 10 N 4 O 8 . What is the probable structure of the product? 
When a suspension of this final product in alcohol is warmed on a water bath with 



!»• Graebe and Gfellbr, Ann., 276, 17 (1893). 

NiETZKi, ibid., 216, 161 (1882). 

KtTGEL, ibid., 299, 50 (1897); Thiele and Salzbebger, ibid., 319, 196 (1901). 
1®* Fries and Finck, Ber., 41, 4284 (1908). 

FbiedlXnder and Kielbasinski, ibid., 44, 3098 (1911). 

*01 Lutz, McGinn, and Bailet, J. Am- Chm- Soc., 66, 843 (1943), 
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phenylhydrazine, nitrogen is evolved and the solution becomes clear. The black 
powder recovered after addition of water to this solution gives orange-colored crystals 
(C 26 H 18 N 4 O 8 ) when heated with acetic anhydride and sodium acetate. Explain the 
changes.*®* 

82. Devise a method for the preparation of gramme, whi(‘h is /^-(dimethylamino- 
mcthyl)-indolc from indole.*®® 

33. Apply the Fischer indoh* synthesis to tlie synthesis of a tetrahydro carbazole 
from cyclohexanone as one component.^^® How would you convert the tetrahydro 
compound to an unreduced carbazole? 

34. How would you prepare 9-aminocarbazole from carbazole? What is the 
product of the reaction of this amino compound with sodium hypochlorite if its 
analysis is C 24 H 16 N 4 ?*®* 

86 . N-Alkyl-2-acetylcarbazoles (how prepared?) react with paraformaldehydes 
and the hydrochlorides of secondary amines, such as dimethylamine, in boiling ethyl 
or isoainyl alcohol, lleduction of the product over platinum oxide gives f 1 SH 22 N 2 O. 
What reactions have occurred?*®® 

36. Devise a method for the preparation of 3,6-dibenzoylcarbazoIe from non- 
heterocyclic compounds. 

*®* Ruggli and Wolff, Helv, Chim. AcUij 19, 5 (1936). 

203 WiELAND and Hsing, Awn., 626, 188 (1937); Kuhn and Stein, Bcr., 70, 567 
(1937). 

2®4 WiELAND and SiJssER, Ann., 392, 169 (1912). 

*®® Ruberg and Small, J. Am. Chevi. Soc.j 60, 1591 (1938). 
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Six-membered monoheterocyclic rings with an oxygen atom are 
present in a large number of natural dyes and colored compounds, in 
vitamin E, in the sweet-smelling constituent of clover, in the hemorrhagic 
compound in clover, in fish poisons and insecticides, in certain alkaloids, 
and other substances. In short, the system is widely distributed in 
nature. Its common occurrence in the root, stem, leaves, and flowers 
of plants suggests a possible origin from sugars. The chemistry of these 
substances has l>een the subject of some famous series of researches. 

Naming and Numbering.—The names and numbering system for 
many members of this class are shown in Fig. 1. The names are largely 


H2 O 



a-Chroinone 7 -Chromono 7 -Chiomanone 



a-Flavonc or Isoflavono or FIav<jnol 

2 -phenylcliroiuone S-phenylcIiromouo • 



x~ 


Fig. 1 .— Names and formulas of some pyran compounds. 


empirical and related to the source or physical appearance of the com¬ 
pound. For example, pyrone indicates the pyrolytic origin of the 
compound, chromone the presence of a chromophore that causes color, 
flavone the yellow appearance, and xanthone (from the Greek word for 
yellow'0 the yellow color of the compound in question. The one 
ending in the above compounds indicates the presence of a carbonyl 
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group. The salts obtained by I’eaction with acids or alkyl iodides are 
called pyrylium, chromylium, flavylium salts, etc., in order to indicate 
the resemblance to ammonium and other salts. Chromanone represents 
the hydrogenated ring system corresponding to chromone. If the hydro¬ 
genated ring system contains no carbonyl group, it is known as a chroman. 
Th^se examples are sufficient to illustrate the general types. 

MONOCYCLIC SYSTEMS 

Pyrans. —The simplest compounds 1,2- and l,l-p2/ran are unknown. 
The tetrahydro-derivatives are anhydrides of diglycols. They can bo 
formed from dibromopentanes by heating with water and zinc oxide at 
150°^ and more slowly with water at 100° in a sealed tube,^ or from digly¬ 
cols by treating with 60 per cent sulfuric acid.^ Pentamethylene oxide is 
a cyclic ether, which boils at 81 to 82°, and has a density at 0° equal to 0.88. 
It is less soluble in hot than in cold water. The ring is opened by hot 
concentrated hydroc.hloric acid w ith formation of a mixture of the 1,5-dioI 
and the 1,5-dichloro compounds. 

Dihydropyran is prepared by the catalytic dehydration of epoxy-1,4 
pentanol-5-(tetrahydrofurfuryl alcohol).^ In common with other vinyl 
ethers, it has a very reactive double bond. 

H> 

Hi,-.Hi 

N- H^O 

^2 HCH^OH Hi 


Dihydropyrans can be prepared^ also from derivatives of adipic acids 
by the following series of steps: 

(0)C6Hfi 


- C«H6 + Aids, Br in CCh. ^ NaCN. 

Cyclobutane derivatives are obtained if a dibromoester instead of the 
corresponding diketone is used. 

Pyrones, — a-Pyrone is obtained by distillation of the mercury salt 
of coumalic acid® and for this reason has sometimes been called ^^couma- 
lin.'' It boils at 200 to 209° at 717 mm. with a little decomposition. At 
13 mm., it distills at 120°. 

1 Clarke, J, Chem, Soc,y 101, 1788 (1912). 

* Hochstetter, Manatsh.y 23, 107 (1902). 

® Demjano-w, J. Rms» Phys, Chem, Soc.y 22, 389 (1890). 

* Paul, Compt rend^y 196, 1409 (1933); Bull. aoc. chim.y [5] 1, 971 (1934). 

* Fuson, Kuykendall, and Wilhelm, J. Am. Chem. Soc.y 63, 4187 (1931). 

® V. Pbchmann, Ann., 264, 303 (1891). 


CHaCOCl 

CHsCoa 


CH(Br)C(0)C,HB H 2 TI 

((JHj). -^h/ O 

6H(Br)C(0)CJl5 dFtell 
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y-Pyrone is the product of distillation of comenic^ or chelidonic® acid, 
preferably in the presence of copper powder. It forms hygroscopic 
needles that melt at 32.5®. The boiling point is 215° (97° at 13 mm.). 
The ring is opened by alkali to form diformylacetone and by alkali with 
benzoyl chloride to form the dibenzoate of the enolic form. In the 

0^C(CH=CH)20 + 2C6HfiCOCl + NaOH 0==C(CH=CH02CC6H6)2 

presence of a few drops of concentrated sulfuric acid, ring opening and 
reaction with ethyl orthoformate occur to give the bisdiethylacetal of 
diformylacetone. Bromine in the presence of iodine, ferric chloride, or 

0==C(CH=CH)20 -f HC;(OC2Hfi)8 + H2SO4 (C2H60)2C[CH2CH(0C2H6)2]2 

phosphorus gives a yellow perbromide, which undergoes decomposition 
with steam to give 3 -bromo- and 3,5-dibromopyrone.® Warm iodine and 
potassium hydroxide convert it to iodoform. Ammonia at 120 to 140° 
forms 4-hydroxypyridine. 

7 -Pyrone is the parent ring compound of a large number of compounds, 
for which it plays a role not unlike that of benzene in the aromatic sys¬ 
tem. For example, it survives pyrolysis when chelidonic, comenic, 
and meconic acids are heated, a fact that originally suggested the name 
^^Pyrokoman,’' since shortened to pyrone; it resists the action of ordinary 
reducing agents in spite of the presence of a carbonyl group that has the 
appearance of an ordinary ketone; it withstands the action of nitric or 
sulfuric acid, although it forms pyronium salts readily with such reagents. 
Such salts are probably responsible for the resistance to nitration and 
sulfonation, since the presence of a positive pole on a ring makes the 
system more stable (compare with pyridine). 


OH 



X- 


Though a ketone group is present, 7 -pyrone forms no hydrazone or 
oxime derivative. This result, which at first may seem puzzling,is 
readily understandable, since 7 -pyrones combine the properties of a con¬ 
jugated ring system with those of a lactone. This combination is obvious 
in the case of a-pyrones; the application to 7 -pyrones is equally clear if the 
molecule is regarded as a lactone with the carbonyl group and oxygen atom 
doubly connected by vinylogous systems. The easy opening of the ring 
^ OsT, J. praht Chent. [2], 29, 67 (1884). 

» WiLLSTATTER and PuMMEHER, H«r., 87, 340 (1904); 88, 1461 (1906). 

® Feist and Baum, ibid.j 88, 3669 (1^5); Feist, ibid,, 40, 8647 (1907). 

Haitingbb and Lieben, MonaULf 6, 279 (1886), 

“ Collie, J. Chem. Soc,, 86, 974 (1904), 
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by alkalies and the re-forming with acids, the failure to form an oxime and 
hydrazone, and the inability to undergo the reduction common to ketones 
accord with the view that the carbonjd group in the gamma position is, 
indeed, of the same type as is present in lactones, further stabilized by 
resonance of the electrons. The reactions of a ketone are therefore neither 
expected nor realized. 

7 -Pyrone forms blue complexes with iodine, similar to those in starch 
and suggestive of the presence of the cyclic compound in starch. 

2,6-Dimethylpyrone is made by the methods illustrated in Fig. 2. 


O 

/c\ 

H20 CH2 

CHaio oicHa 

HC^ 

CHa^ IjCII, 

OAc OAc 




• NaOEt, CHsCOCl. Heat in boiling watci. ^ COCI 2 . Ring closure, saponification, decar¬ 
boxylation. « Hot HCl causes ring opening, ring formation in a new position, and decarboxylation. 
Fig, 2.—Preparation of 2,6-dimethylpyrone from diaoetylaretoiie,^^ the copper derivative 
of ethyl acetoacetate and dehydr acetic acid. 


It melts at 124° and sublimes easily below 80°. It is very soluble in 
water and forms salts with acids. Barium hydroxide converts it to 
diacetylacetone; metallic potassium changes it to a metal ketyl, K—O—C 
(CMe=CH)20. This pyrone was used in von Baeyer’s proofs® of the 
structure of the pyronium salts. Treatment with methyl sulfate and 
then with perchloric acid gives a perchlorate; and this salt, with ammo¬ 
nium carbonate, changes smoothly to 2,6-dimethyl-4-methoxypyridine, 
the structure of which is unquestioned. Hence the methyl group and 
the perchlorate ion cannot be attached to the same oxygen atom, and the 


« (NHOiCOi. 


OCH3 

+ -ao4 


OCH, 





methyl group cannot be attached to the oxygen atom in the ring. The 
^‘Babger and cowobkers, J. Chem. Soc., 101, 1394 (1912); 107, 411 (1915); 
126, 2407 (1924). 

»v. Babtbb, Ber., 48, 2337 (1910). 
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conjugated ring system of three double bonds can, however, provide a 
structure compatible with all known facts. 

PhenylcoumaUn, or 2~phenyl-aj-pyrone, is present in coto bark.^^ It 
melts at 68°. Sodium amalgam or, better, hydriodic acid at 140° reduces 
it to 5-phenylvalerianic acid; ammonia converts it to a pyridone; aniline 
reacts with it to give the product CnHB 02 ‘ 2 NH 2 C 6 H 6 , which in turn with 
hydrochloric acid gives l,2-diphenyl-6-pyridone; ammonium acetate in 
boiling acetic acid changes it to 2-phenyl-6-pyridone, which in turn with 
zinc dust gives a-phenylpyridine. Phenylcoumalin forms addition 
compounds with many phenols. 

2-(j-Diphenyl-y-pyrone melts at 139 to 140° and dissolves in concen¬ 
trated sulfuric acid but not in boiling hydrochloric acid. Dilute potas¬ 
sium hydroxide does not dissolve it; alcoholic potassium hydroxide 
resinifies it. The methods of preparation given below are interesting 
because of their variety and the general principles employed. In Af 
the tetrabromide of dibenzalacetone,^^ suspended in boiling alcohol, is 
treated with the equivalent amount of alcoholic potassium hydroxide 
added dropwise. The resulting diethyl ether of the dienol gives the 


A 

B 

C 

0 

h 

RG^ ^CH 

0 

(y-OEt 

0 

c 

c/ CH, 

111 i 

/ \ 0 

HC CHCCbH, 

11 i 

1 1 

CoHbC CCoHb 

CeHfiC CO 

l«H6CBr a-CCoH. 

/ 

\ / 

H H 

0 

0 

Reagents (1) Alc.KOH 
(2) HCl 

NaOEt 

HCl 


7 -pyrono when heated in a sealed tube with fuming hydrochloric acid. 
The yield is low. Ethyl chloride and a resinous product result also. 
In B, a Claisen type condensation occurs between the ethyl phenyl 
propiolate^® and the active methyl group of acetophenone. A diketone 
is undoubtedly an intermediate. By the same process, acetone gives 
2 -methyl- 6 -phenyl- 7 -pyrone. In C, the same method used with dehydro- 
acetic acid in preparing 2 , 6 -dimethyl- 7 -pyrone is used with dehydro- 
benzoylacetic acid.^^ 

Indalone is the product of the condensation of mesityloxide and 
dibutyl oxalate under the influence of sodium alkoxide. The compound 
has attained considerable interest as a mosquito repellent.^* 

LmsiN^ihid.y 29, 1673 (1896); Ciamician and Silber, tbid,f 29, 2659 (1896). 

VoRLANDER and Meyer, ibid,, 45, 3355 (1912). 

RtTHEMANN, J. Ckem, Soc,, 98, 432 (1908). 

Feist, Ber,, 23, 3726 (1890). 

i*Ford, U.S. patent 2,138,450 (1938); Kilgore, U.S. patent 2,149,917 (1939); 
Nat, Geographic, 85, 167 (1944). 



PYBANS, PYRONES, AND RELATED COMPOUNDS 


153 


O () 

Indalone Maltoi 

Maltol is 3-hydroxy-2-methyl-7-pyrone^® (m.p. 159°). It is found in 
pine needles and larch bark^o a^d is formed when barley and certain 
cereals are roasted in the manufacture of malted beverages. It gives 
an intense purple color with ferric chloride which sometimes interferes 
with tests for salicylic acid. Maltol dissolves in potassium hydroxide, 
reduces silver nitrate and Fehling^s solution, decomposes when treated 
with nitric acid, and forms a mono benzoyl derivative. 

Kojic acid is formed by the action of the fungus Aspergillus flavus 
on xylose and dextrose.^® Under favorable conditions, the yield is as 
high as 61 per cent of the sugar consumed. The constitutionof Kojic 
acid is shown by converting it to 4,5-dihydroxy-2-methylpyridine. 
Since comenic acid is converted to the same compound, Kojic acid must 
be the alcohol corresponding to comenic acid. The relationship is 
shown below. 




Kojic acid Comenic acid 


® (CH*)jS04 + KOH forms the dimethoxy product, NHj at 100® introduces nitrogen in the ring, 
HI + P reduces one ether to a methyl group and hydrolyses the other ether group. 

^ NHa at 100®, PCU at 150°, Sn + HCl. The last two steps provide a novel way for the conversion 
of this carboxyl group to a methyl group. The reaction possibly proceeds by way of the intermediate 
compound, (H0)8P(0)0*CfiH2*(0H)CClj, that is not isolated.** See also page 224. 


Pyrone Carboxylic Acids. —Several carboxylic acids of the pyrone 
series are found in nature or prepared in the laboratory. Coumalic acid 
is named from malic acid, from which it is derived by the action of sulfuric 
acid. Thfe first step is the transformation of the hydroxy acid to an 
aldehyde, a general process for all a-hydroxy acids, and the second step 
is the condensation of these two aldehyde acids to thea-pyrone derivative. 
The acid melts at 205 to 210°d. 


• H9SO4. 


CO 2 H 

in, 

nioH 

(!)0,H 


HCO 

in, 

(iojH 


+ HjCCOjH 

oin 



CO,H 


Mat, Motbb, Wells, and Hebrick, J. Am. Ckem, Soc., 83, 774 (1931). 
*<* Pebatoneb and Tabbobello, Ber., 36, 3407 (1903). 

« YtiBA'n, J. Chem. Soc., 136, 676 (1924). 

» OsT, Ber., 39 , 878 (1884); Ballmann, J. praM. Chem., [ll] 39 , 14 (1884). 
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Chelidonic add, 2,6-dicarboxy-l,4-pyrone, occurs in the leaves of the 
lily of the valley to the extent of about 2 per cent. It was first isolated 
in 1839 by Probst,^® who obtained it by extraction of the top and root 
of Chelidonium niajus, celandine (a perennial herb of the poppy family, 
the yellow acrid juice of which was once used internally for jaundice and 
externally for warts), with warm soda solution and then acidification 
with strong nitric acid. Its structure was established by decarboxyla- 
tion^^ to pyrone and by alkaline cleavage to oxalic acid and acetone as 
pictured below. Its synthesis is accompli^ed by the method of Ruzicka 


COOH 

COOH 


C=CH 

<!)00H 

CHs 

A A-o 

A4h 

a 

A-o 

I 

COOH 

1 

i^Hg 

1 

COOH 

COOH 



® Hydrolysis with alkali. 

and Fornasir,^^ which is almost a reversal of the above degradation. 


C02Et 

COaEt 

1 

COiEt 

1 

COjEt 

CHg 0=0—CHa 

j 1 

C=CH 

1 1 


C'^^0 C—“0 

1 1 

6 1 1 
->o c= 
1 1 

COaEt 

1 , 

CH, 0=C—CII 2 

1 

C=CH 

1 

COgEt 

C02Et 

COgEt 


• NaOEt. » Cone. HCl, 

The alkaline degradation treatment, combined with other reactions, 
can be made to give a series of products^^ that were of much interest during 


COOH 

1 

COOH 

1 

COOH 


C=CH 

HOC=CH 

j 

HOC - C.^H2 

co,h 

i (l;=o 

A <‘',=0 

!, H J . 

-► HC'OH 

{CH.)t 

1 

hoc=(!:h 

1 

H j 

HOC - CH, 

Ao^ 

COOH 

COOH 

ioOH 



« KOH at ordinary temperatures for a day, * NaHg. « HI at 200-210® for 10 hr. Chelidonic 
acid can, of course, be reduced directly to pimelio acid without the necessity of preparing the inter- 
' mediate xantho> and hydroxantho-chelidonic acids shown here. 

Fio. 3.—Degradation producta from chelidonic acid. 

the period when the structure of this compound was being established. 
Mild alkaline hydrolysis gives a yellow solution of the salt of an unstable 
** Pbobst, Ann,, 29, 113 (1839). 

•^Haitingke and Liebisn, MonaJUh,, 4, 273, 339 (1883); 3, 339 (1884); 6, 279 
(1886). 

RxbobL and Zwilombtbb, Org- 8yntime», CoU, VoL II, 126 (1943). 
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acid, called xanthochelidonic acid, from which a yellow-red silver salt 
can be precipitated. The reduction to pimelic acid establishes the 
presence of a continuous chain of carbon atoms (see Fig. 3). 

When dry chelidonic acid is heated with ammonia, it is converted to 
chelidamic acid by replacement of oxygen by nitrogen. 

Comanic acid (m.p. 250°d.) is the monocarboxylic acid of 7 -pyronc. 
It can be obtained from chelidonic acid by partial decarboxylation. 
Caustic alkali causes its decomposition to oxalic acid, formic acid, and 
acetone. 


COOH 

COOH 

1 


j 

HcWcH 

COOH 

0113 

1 1 

0 0=0 

1 1 


1 

c=o 

(;-cH 

HCOOH 

1 

Clla 


n 

Meconic acid is 3 -hydroxy- 7 -pyrone- 2 ,G-dicarb()xylic acid. The fact 
that it is found with the opium alkaloids and that pyrones are converted 
readily to pyridine compounds is suggestive of a source for some of the 
alkaloids. Meconic acid is colorless, although it is apt to be yellow from 
traces of iron.^® Its triethyl derivative is broken by boiling barium 
hydroxide solution to ethoxyacetone, ethyl alcohol, and oxalic acid. 
The acid is synthesized by bromination of acetonedioxalic ester, ring 
closure, and careful hydrolysis of the bromochelidonic acid product with 
potassium hydroxide in acetone. Meconic acid probably exists in a 
colorless keto form and a lemon-yellow enol form. It is considerably 
more soluble in aqueous boric acid solution than in water alone. 

Comenic add is obtained when meconic acid is boiled with hydro¬ 
chloric acid (d. = 1.13) until evolution of one equivalent of carbon 
dioxide ceases. Since the product combines with diazobenzene acetate, 
a methylene group must be present. Hence the carboxyl group elimi¬ 
nated must come from the position adjacent to the hydroxyl group. 
Comenic acid is, therefore, 3 -hydroxy- 7 -pyrone- 6 -carboxylic acid.*® 
Boiling aqueous ammonia converts it to comenanic acid; ferric chloride 
colors it dark red, 

Dehydroacetic Add ,—When ethyl acetoacetate is refluxed with sodium 
bicarbonate, condensation between the carbethoxy group of one molecule 
and the active methylene group of another molecule, followed by lactone 
formation, occurs. An 80 per cent yield of dehydroacetic acid®^ results. 

O < 

CHaCGHjCOjEt + H2CC(0)CH, CH,C=CHCCHC(0)CH, 

' iojEt (!)-io . 

*« Vebkade, Rec. trav, 43, 879 (1924). 

^ Abndt, Org, SyrUheaeSt 20, 26 (1940). 
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Dehydroacetic acid melts at 108°. Boiling hydrochloric acid elimi- 
nates carbon dioxide; 90 per cent sulfuric acid eliminates acetic acid. 


CH 


o C( 0 )on, 

O a 11 i ft 0 

,(;-=chcch=cch3^ cjhc^cn—c—cii—co cHsC^chcoh^— co 


- 0 - 


-o- 


I 


-o 


“JHot concontrated HOI. ft 90 i)cr cent 11*804 at 135® for a short time. 


Pyrylium Salts.—The reaction of a phenyl styryl ketone and aceto¬ 
phenone with ferric chloride^® or with boron trifluoride^^ gives a tri- 


C6H6CO 

H(';=cn 

CeH. 


OCO.H. (\H6- 



CJoHs 


® FoCU or BF*. 


phcnylpyrylium salt. The same type of compound is produced as a 
by-product during the preparation of sym-triphenylbenzenes by the 
action of a mixture of concentrated sulfuric acid and potassium pyro- 
sulfate^® or of boron triflu oride^^ (potassium borofluoride, boric anhydride, 
and concentrated sulfuric acid) on acetophenones. A carbon atom is 
eliminated in this condensation. Methane would be expected as a 
product. In reality, no evidence of methane, methyl alcohol, form¬ 
aldehyde, carbon monoxide, or other volatile carbon product has yet 


3RC(0)CH3 - 
R * CeHc. -CaHiOCHa. 


X 

I “h 2H2O -f* [OH4I 


■ U 

R 


been observed. The yield of the salt is about as high as that of the 
triarylbenzene. 

Triarylpyrylium salts are colored. They form picrates and chloro- 
platinates which have sharp melting points. 2,4,6-Triphenylpyrylium 
perchlorate can be nitrated by fuming nitric acid.^^ The two phenyl 
groups nearest to the oxonium pole are nitrated in the meta position; 
the more remote phenyl group is nitrated in the para position. The 
yield of this trinitro product is 70 per cent. The positions of nitra- 

»* Dilthby, J . prakt . Ckem ., 94, 53 (1916); 95, 116 (1917). 

*• Bovby and Robinson, J. Ckem . Soc .^ 1389 ^935). 

Davis and Armstrong, /. Am , Chem , Soc .^ 57, 1583 (1936). 

^iLbFIjvrb and LiaFfevRE, J. Chem , Soc .^ 2894 (1932), 
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lion are shown by isolation of m«nitrobenzoic acid with a little para 
acid after permanganate oxidation and by appropriate syntheses and 
nitrations. 

Mild alkaline hydrolysis of the salt with aqueous sodium acetate gives 
a product that might be regarded as a 2-pyranol.^® It can be crystallized 
from benzene-petroleum ether mixture. It adds chlorine or bromine 
and forms a pyridine compound with boiling alcoholic ammonia. From 
alcohol containing a little alkali or from pyridine it precipitates with 
water of crystallization. It also forms a disemicarbazone. These facts 
suggest that the pyranol may be very similar to, if not identical with, a 
1,5 diketone. 

Telluro-cyclopentane-3,6-diones. —These compounds resemble in 
some respects the general form of the pyrones but,differ markedly in 
chemical properties, partly because the carbonyl groups are not ortho 
and para to the bivalent hetero atom as well as the fact that tellurium 
is different from the other bivalent hetero atom, oxygen. The com¬ 
pounds are prepared®^ by the reaction of substituted 1,3-diketones with 
tellurium tetrachloride. The telluro and telluro dichloride compounds 
result. 

TcCh Te 

H,C CHa ^CHs 

oi CO 0(*; io 

\c/ 

(CH,)a (CH,)2 

The condensation is unique since copper, boron, germanium, tin, zinc, 
and other metal salts form chelated salts of the enolate form. The 
telluro compounds form dioximes and hence are diketo compounds. 
They undergo no ready enolization as shown by the absence of a ferric 
chloride i;est. More vigorous treatment disrupts the molecule. Some 
of the compounds have a powerful antiseptic action in vitro. Telluro-2, 
4-dimethyl-cyclo-pentane-3,6-dione is active on B, coli communis at 

” Morg4»n and Thomason, J, Chem, Soc.y 121, 754 (1922); Morgan and Drew, 
{bid,y 735, 1601. 

Morgan, Cooper, and Corby, J, Soc, Chem, Ind.j 43, 304 T (1924). 
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concentrations as low as 1 part in 20,000,000; the 2,6-dimethyl isomer is 
active at 1 part in 10,000,000 to 40,000,000. The action persists in 
urine but disappears in the presence of serum, because of the colloidal 
nature of the latter. 

V 

BICYCLIC AND OTHER CONDENSED SYSTEMS 

Chromans.—The simplest chromans can be prepared from tetrahydro- 
quinoline by a succession of treatments (CeHsCOCl, PCU, HNO 2 , 
alkali) which constitute an indirect reversal of the formation of piperidine 
compounds from the oxygen heterocyclic systems. The process involves 
ring opening and re-formation, as do also the preparations from coumarins 
and 2-acetylcoumarons. Each of these methods is shown below. 




H 


Starting 

compounds 

K Ah. 







Ring'opetiing 

reagent 

H 

CeHfiOOCl; PCU 

Nallg 

Na + ale. 


pk CH2CH2 

PV OH2CH2 

PV CH2CH, 

Intermediate 

U J 

U I 

U 1 

product 

K 

K CH2 

PC OHCHi 


1 \ NH2C1 

1 \ OH OH 

1 \ OH OH 

1 Ring-closing 



reagents 

HNO2; alk. 3 * 

HaSOi®^ 

H 2 S 04 «« 

Large R » 

a bens substituent. 




Spirochromans*^ are formed from acetone, m-alkylphenols with a free 


(CH.;2 



Large R » CeHsR' or C«Hs(OH)]i. 

R' «• the alkyl group that is meta to the oxygen atom. The two OH groups are para to the oxygen 
and carbon respectively. 

ortho position, and sulfuric acid at 25®. The reaction is probably the 
result of sm intermediate formation of phorone, [(CH») 20 =CH] 20 = 0 , 
followed by addition of two molecules of the phenol and ring closure. 

«^v. Braun and Bteindobfp, J5er., 88 , 850 (1905). 

Sbmmusb, t&td., 39, 2851 (1906). 

Stobbmeb and SchXffer, 86, 2863 (1903). 

Nieederl and Nagel, J. Am. Chem, Soc.^ 69, 324 (1940). 
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The same type of compound is produced in the condensation of hydroxy- 
quinol with acetone in the presence of acetic and concentrated hydro¬ 
chloric acid.®® # 

BotUerin^^ is a crystalline constituent of the Indian coloring matter 
and anthelmintic drug called ^'kamala/' which is obtained from the fruit 
glands of Mallotus philippinensis. The formula has not yet been estab¬ 
lished but alkaline degradation and hydrogenation give octahydrorottle- 
rone, which has the structure shown below. This compound can be 
synthesized from the corresponding ketochroman and formaldehyde. 



R 

R 




X 

OH 

OH X 


(CH3)2 

H2 


R - C«H*CH*CHjC(0). 


In the unhydrogenated compound R is a cinnamoyl radical. 

Other chromans that occur in nature will be mentioned later in this 
chapter under special headings. 

Benzop 3 rrans.—These compounds are labeled either 1 , 2 - or 1,4- 
(or a and 7 ) benzopyrans depending on whether the two hydrogen atoms 
are in the 2- or 4-position. 2,2-Dialky 1-1,2-benzopyrans are obtained by 
the action of coumarin on excess alkylmagnesium halide. The mechan¬ 
ism of the reaction is not clear. Ring opening has not been shown to 



R2 


• Reaction with 2 RMgX. 


occur. The benzopyrone is, however, a cyclic ester, and the Grignard 
reagent regularly introduces two alkyl groups at the carbon atom of an 
ester group. Dimethylmagnesium halide gives a 59 per cent and di-n- 
heptylmagnesium a 91 per cent yield. The compounds are interesting 
because they resemble rings A and B of the deguelin, tephrosin, and 
toxicarol molecules. In keeping with this relationship, the dimethyl 
derivative causes paralysis of goldfish within 3 min. The 2,4-dimethyl 
isomer requires 15 min. 

Tocopherols. —These substituted chromans are known as Vitamin E. 
The vitamin affects fertility. The name 'HocopheroE^^^ is derived 

»» Bakbb and Bbslt, J, Chem, Soc., 195 (1939). 

»• McGookin, Kqbbrtsox and Tittensor, tbid.f 1579, 1587 (1939); McGookix, 
Pbbcival, and Robertson, 309 (1938); Backhouse and Robertson, ibid,, 1257 
(1939). 

♦•Shrinbr and Sharp, J, Org. Chem,, 4, 575 (1939). 

Evans, Embuson aad Emerson, J, Biol, Chem.^ 113, 319 (1930), 
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from the Greek words tokos and phero, meaning childbirth and ‘‘bear/’ 
The term “tocol” is now employed to indicate the system without alkyl 
substituents in the aromatic nucleus. a-Tocopherol te, accordingly, 5,7,8- 
trimethyltocol; jS is 6 , 8 -dimothyltocol; and 7 is 7 , 8 -dimethyltocol.^^ 

The vitamin was isolated^^ in 1936 from wheat-germ oil by means of a 
solid derivative formed with cyanic acid. Three allophanatcs were 
obtained from the sterol-free concentrate. I'he one that melts at 158 to 
160® was derived from the most potent compound called a-tocopherol, 
C29H60O2. 

PyrolyKsis yields durohydroquinone, C 10 H 14 O 2 , in 67 per cent yield. 
The remaining C 19 H 36 fragment is apparently joined to the first by 
an ether bond but is not eliminated by the ordinary oxidizing agents. 
Silver nitrate, for example, gives a red oil of approximately the same 

CH., 

IToll,^CH8 

OTa 

Durohy d roqui nono 

molecular weight as tocopherol. The duroquinone and the other frac¬ 
tions must therefore be connected at some other point besides the ether 
link. The compound is either a chroman or a coumaran. Oxidation 
by chromic acid gives dimethylmaleic anhydride from the aromatic ring, 
and a lactone C 2 in 4 o 02 which is a 7 or 5 lactone because it closes 
readily. A coumaran ring would give a /5-lactone, and the 7 -lactone is 
unlikely because the heterocyclic ring would then be seven membered. 
A C-methyl determination (oxidation by chromic acid to determine the 
number of terminal methyl groups in a chain) shows two molecules of 
acetic acid; and since these values are always low in the case of saturated 
compounds, there must be at least three methyl branches present. 
Application of the isoprene rule completes this skillful diagnosis^* of 
the structure. 

I CHs CH3 Clh 

CH3 Hi 

The structure conforms also with the fact that a tertiary carbinol is 
formed by hydrolysis (opens ring). The hydroquinone is esterified and 
the carbinol shown to be resistant to esterification and to oxidation by 
aluminum isopropoxide. The vitamin is synthesized from trimethyl- 

« Kabbee and Fhitzsche, Helv, Chim* Aeta, 21, 1234 (1934). 

« FebnholZ) J. Am^ Ch^m. Soc.j 69^ 1154 (1937); 00, 700 (1038), 
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hydroquinone, phytyl bromide, and zinc chloride in ligroin at 60 to 70°.^^ 


CH;, 

O 



OH OH 


CB.2CYL 


2C 

i 


GH3 

leHas 


a AgNOs or FeCU. > HCL 


/3-Tocopherol gives trimethylhydroquinone by pyrolysis, p-xylenol 
by reductive cleavage (HI), and the same C 21 lactone as from a-tocopherol 
by oxidation (CrOs). One position in the aromatic ring is obviously 
not filled; and this fact can be proved by the introduction of an allyl 
group by the reaction with allyl bromide and zinc bromide."*^ 

The quantity of tocopherol^® in the unsaponifiable fraction of wheat- 
germ oil is 13.4 per cent, in wheat-germ oil is 0.52 per cent, and in wheat 
germ is 0.0269 per cent. The quantity present in the unsaponifiable 
fraction of corn-germ oil is 10.2 per cent. Smaller amounts are present 
in lettuce and other vegetables. The formation of the red-colored qui- 
none by silver nitrate oxidation is an analytical method for analysis of 
vitamin E. 

Coumarins.—The parent of the large class of coumarins is the well- 
known coumarin, a sweet-smelling constituent of clover and the tonka 
bean. Perkin^® observed that caustic potash fusion converted this 
compound to salicylic and acetic acid. He accordingly tried the reaction 
of salicylaldehyde and acetic anhydride in the presence of sodium acetate 
(without being aware of the correct structure of coumarin) and thus 
discovered the famous synthesis that bears his name. He also showed 
that butyric and valeric anhydrides gave homologues of coumarin. 

Coumarin (1,2-benzopyrone) melts at 68° and boils at 302°. It adds 
chlorine or bromine and subsequently can be converted to coumarone 
(see Chap. II). Sulfuric and nitric acids introduce substituents at Cg 
and to a limited extent at Cg. Phosphorus pentasulfide give^ the 2-thio 
compound. Phenylmagnesium bromide introduces phenyl groups in the 
2,- and 4-positions to give 2,4-diphenyl-chromanol-2, probably by ring 
opening, 1,4-addition, and ring closure.Some 2,2-diphenylchroman 

Kakbbb et al , Hdv . Chim , Acta , 21, 620, 820, 939, 1234, 1622 (1938). 

** Smith, Chem . Rev ., 27, 287 (1940). 

Pbbkin, /. Chem. Soc., 6, 53 (1868). 

Lowbnbbim and Eosbnbaum, Ann., 448, 223 (1926). 
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is formed also, poasibly without ring opening. Sodium bisulfite forms 



«»PhMgBr. 

an addition compound with coumarin, possibly by addition across the 
Ca—C ^4 double bond. When the addition compound is warmed with 
60 per cent potassium hydroxide, the ring is opened, racemization takes 
place, and the stable trans o-coumaric acid, H 0 C 6 H 4 CH==CHC 02 H, is 
formed. Mercuric oxide^* in boiling aqueous solution effects the same 
change. Sodium amalgam, or zinc dust and alkali, reduces and opens 
the ring to form melilotic acid, HOC 6 H 4 (CIl 2 ) 2 COOH. A bimolecular 
reduction occurs also in both cases^® with union at the two Czj as 
shown by ring Opening and formation of a,a'-bis(2-hydroxybenzyl)- 
succinic acid. 

Umbelliferone, or 7~hydroxycoumarin, is found in nature in the bark 
of Daphne mezereum and in the resins, galbanum and asafetida. In the 
laboratory, it is prepared from /3~resorcylaldehyde, acetic anhydride, and 
sodium acetate. Esculctin, or 6,7-dihydroxycoumarin, is found in the 
horse-chestnut bark and is prepared in the laboratory from hydroxy- 
hydroquinone, malic acid, and sulfuric acid.®® Malic acid in the presence 
of sulfuric acid becomes an aldehyde acid, which then participates in the 
condensation. A-’Methylesculetin^^ is prepared by a similar condensation 
between the triacetyl derivative of the trihydroxybenzene and ethyl 
acetoacetate in the presence of 75 per cent sulfuric acid as shown below. 

AcO OAc Kt02CCH2 HO 

Aco oicn, no 

C'H, 

In this preparation of coumarins by v. Pechmann\s condensation of 
phenols with malic acid or ethyl acetoacetate, the presence of hydroxyl, 
dimethylamino, and alkyl groups, meta to the hydroxy group of the 
phenol, facilitate the formation of a heterocyclic ring. Nitro and 
carboxyl groups prevent the condensation, presumably because they 
inactivate the ring. The w- and p-chlorophenols give poor yields (3 to 
6 per cent), o-Chlorophenol gives no coumarin. 

Sen and Chakravatx, J. Ind. Chem, Soc.^ 7, 247 (1930). 

Fbies and Piokbwirth, Ann., 368, 30 (1908). 

V. Pechmann and Kbafft, Her., 34, 421, 423 (1904). 

Vtisr; Org, Syfdhese^f Coll, Vol, I, 360 (1941). 

Clayton, J. Chem, Soc.^ 93, 2016 (1908). 
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5y7-Dimethyl’-8-bromo-^hydroxy-Z‘Carbethoxycoumarin is prepared^* 
from durobromoquinone and ethyl sodiomalonate. The condensation is 
typical of many that employ ethyl acetoacetate and is, moreover, a 
good example of the influence of various groups. The condensation 
takes place exclusively at the oxygen atom at the end of the molecule 
nearest the halogen atom. Enolization in the quinone, followed by 
1,4-addition of the sodio compound, is usually regarded as the inter¬ 
mediate step. 


OH, 

O 



() 


« NaCH(COsEt)i 


Br 

OH 

H0^^-=CH2 


O 

HOOjEt 



Furocoumarins.—These compounds, in common with rotenone and 
deguelin, serve as fish poisons by causing paralysis of the respiratory 
system. The natives in Java and the East Indies and in South America 
mascerate the plant and pour the extract on the water. The fish are 
poisoned, but still fit for human consumption. Peucedanin is reported 
also as stimulating the alcoholic fermentation of yeast. The structures 
of several of the compounds are tabulated below as derivatives of the 
parent furocoumarin. 


O 



'* Exists iti keto form 


Peucedanin 
Oreoselono 
Bcigapten 
Xanthotoxin 
Impel atorin 
Alloimpei atorin 


2-isopropyl-3-methoxy- 

2-i«opropyl-3-hydroxy-« 

4-methoxy- 

9-methoxy- 

9-f 3-methylbutcn y l-2}ox y- 
9-hydi oxy-4-[3-methyli80- 
buteiiyl-2]- 


Tho formulas®^ are deduced from examination of the fragments of 
chemical rupture. Alkali fusion of oreoselone, for instance, gives 
i8-rcsorcylic acid and that of dihydrooreoselone gives 7-hydroxydihydro- 
coumarin. Peroxide oxidation of oreoselone gives a-hydroxyisovaleric 
acid, permanganate oxidation yields 4,6-dihydroxyisophthalic acid and 
a-hydroxyisobutyric acid, and nitric acid oxidation gives styphnic acid 
(2,4,6-trinitroresorcinol). These products suggest the formula indicated 
above. Since peucedanin is converted by hydriodic acid to oreoselone 
and methyl iodide, the formulas of the two compounds are closely related. 

The formula of bergapten is made clear by alkali fusion to give phloro- 
glucinol, and by conversion to a quinone (nitration, reduction, di¬ 
chromate oxidation). Hence the position that is para to the methoxy 

Smith and Johnson, J. Am, Chem. Soc,j 59, 673 (1937); Smith and Opus, ibid.j 
63, 932 (1941). 

** Thoms and Babtche, Her., 46, 3705 (1912); Spath and Klaobb, ibid., 66, 749, 
914 (1933); SpXth and Holzan, ibid., 68, 1123 (1935); SpXth, MonaiaA, 69, 76 (1936). 
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group must be unoccupied, and the three rings must have a linear 
arrangement. 

Imperatorin is found in the rhizome of Imperatoria ostruthium (master- 
wort) with several other like compounds, such as hydroxypeucedanin, 
ostruthol, osthol, ostruthin, osthin, and alio (or iso) imperatorin. Hy¬ 
drolysis reveals the connection to bergaptcn. 

3,3'-Methylenebis-(4-hy(iroxycoumarin). —This compound®® is the 
active principle present in spoiled hay or silage from the common sweet 
clover, Melilotus alba and M. officinalis. Cattle that consume such food 
acquire the sweet clover disease in which a progressive diminution in the 
clotting power of blood results. The resultant hemorrhages may be 
fatal. Synthesis of the compound is outlined below. 

OH OH OH 

0 C( 0 )CH 3 "" K^o J O \\^oJ o ko/K 

«Na. *H*CO. 

Benzo-Y-p3rrones. —Compounds in this series are prepared readily 
by an intramolecular condensation®*’ between an appropriate ketone 
group and a phenolic group as in the example below. 

K ^ 

0 CX0)CH0(0)CH3 « 

CaHeO C2H6O CH, 

R - CH», C*H6, n-C,H7, n-C4Hi. CHaCeHe, etc. 

" HI. The diketone used in this reaction is made by condensiuK the diothyl ether of a resaceto- 
phenone with ethyl acetate. 

The 2-methyl group in this product is conjugated with the carbonyl 
group and, hence, is sufficiently active to form styryl derivatives readily 
with aromatic aldehydes.®^ The parallel behavior in the aliphatic series 
is found with the active methyl group in crotonaldehyde. 

FLAVANOLS, FLAVONES, AND RELATED COMPOUNDS 

Anthocyanins* —These substituted flavanols are the colored com¬ 
pounds that are responsible for the red, blue, and purple colors of flowers,®® 
skins of fruits, and foliage. The name is derived from two Greek words 
w Campbell, Roberts, Smith, and Link, J. Biol. Chem.j 136, 47 (1940); Camp¬ 
bell, Stahman, HtJBBNER, andLiNK, ibid.f 188, 21, 513, 529 (1941); Stahman, Wolff, 
and Link, J, Am. Chem, Soc,y 65, 2285 (1943). 

Bloch and Kostanecki, Ber,y 33, 471, 1998 (1900); Kostanbcki and Lloyd, 
ibid,y 34, 2942 (1904). 

Zaki and Azzam, J. Chem. Soc., 434 (1943). 

Robinson, Naturey 136,732 (1935); 137, 172 (1936); Proc, Roy, Inst, of Or, Brit,y 
85, 21 (1926); Chemistry dt Industryy 737 (1933); Huntress, /. Chem. Eduoationy 5, 
1302 (1928)r 
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meaning flower^' and “bluc/^ (Cyanin is a common word to indicate 
a blue color compound, e,gr., hydrogen cyanide,) Although the name 
was applied to these compounds as early as 1835, the chemistry of these 
pigments dates from 1913 when a crystalline compound was isolated 
from the blue cornflower.®® 



O CfiHnO, 

CJTnOfi 


The compounds have one, two, or three hydroxy groups in the phenyl 
ring and one or two sugar molecules attached to the 3- or 5-positions. 
The sugar is broken readily from the molecule by means of hydrochloric 
acid and found to be dextrose, rhamnose, or galactose. The aglucone, 
called the ‘^anthocyanidin,'' is then cleaved by fusion with caustic. The 
products are phloroglucinol (1,3,5-trihydroxybenzene) and one of the 
three acids shown below depending on whether the anthocyanidin 
treated is pelargonidin, cyanidin, or delphinidin, respectively. 



p-Hydroxybenzoic 

acid 



Protocatehuic 

acid 


HOaC 


\=/OH 


Gallic 

acid 


Synthesis®® is accomplished most easily by condensation of a phloro- 
glucinaldehyde with a substituted acetophenone. The steps in prepara¬ 
tion of 3-i3-glucosidylpelargonidin chloride (callistephin chloride) are 
shown below. 


Cl 



“ C1CH8C(0)C1 4* AlCI* introduces the chloroacetyl group and simultaneously hydrolyses the 
ether. ** KOAc in CHsCOsH and EtOH, NaOH, AozO. The product of this sequence of reactions is 
H0CH^2C(0)C6H40 Ac, which is treated with O-tetraacetylglucosidyl bromide and silver oarbpnate in 
order to form C8H70(0Ac)40Cll2C(0)C«H40Ac. This product is then treated with 2*benaoyloxy 
4,6"dihydroxybensaldehyde and HCl, after which the acetyl and benxoyl groups are eliminated by 
alkaline treatment. Acid then forms the colored salts. The condensation between the acetophenone 
and phloioglucinaldehyde takes place much more smoothly when the phloroglucinol is bensoaylated 
by means of a Schotten-Baumann reaction. 


Malvidin chloride*^ may be prepared through an intermediate chal- 
cone, obtained by condensation of a phloroglucinaldehyde with a substi¬ 
tuted acetophenone. 

•• Wh-lstXtteb and Everest, Ann., 401, 189 (1913). 

•® Eobertson and Robinson, J. Chem. Soc., 1480 (1928). 

•* Bbadley and Robinson, ibid., 1541 (1928). 
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(1 



3-niothvlethfr of inalvidin chloride 


« HCl to cause ring closure, debensoulation by cold 10 per cent NaOH, HCl to form the salt. The 
necessaiy acetophenone is prepared from o-acetylsyringoyl chloride and the sodium deiivative of ethyl 
a{/>dimethox>acotoaoetate, followed by boiling with aqueous KOH. The dimethoxyaoetoacetate is 
made from ethyl chloroacetate and sodium mcthoxide in methanol. 

The synthesis may be accomplished also by the reaction of a Grignard 
reagent with a suitable coumarin as illustrated below by one of the early 
preparations of the dimethyl ether of pelargonidin.®^ 



Pelargonium is found as a disaccharide in Pelargonium zonale^ aster, 
scarlet salvia, and the rose-colored cornflower. Cyanidin, combined witli 
two molecules of dextrose in cyanin, is about 0.7 per cent of the dry 
weight of the blue cornflower and 14 per cent of the weight of the dark 
red variety. Meocyanin is an isomer of cyanin present in the scarlet 
poppy. Keracyanin is a dirhamnoside of cyanidin present in the sweet 
cherry, Idaein is a monosaccharide of cyanidin present to about 0.035 
per cent in cranberry skins. Asterin and chiysanthemin are cyanidins 
with one molecule of dextrose. Peonidin is a methyl ether of cyanidin. 
Delphinidin is present in the larkspur and pansy. Oenin is a mono- 
glucoside of delphinidin present in black grapes. Violanin is a delphini¬ 
din with one dextrose and one rhamnose which is present to about 33 per 
cent in the black pansy. Malvidin is a 3',5'-dimethoxydelphinidin. 

The color of the anthocyanin depends on a number of factors. The 
more oxygen atoms present, the bluer the pigment, - Iron salts intensify 
the color. The pH of the cell sap and the presence of tannins, organic 
acids, and enzymes have a profound influence. The presence of antho- 
cyanins is responsible for discoloration of canned fruits and vegetables 
since the tin dissolved from the container may form complexes of a violet 
color with the anthocyanin. The anthocyanins are not necessarily 
derived by reduction from flavones or flavonols, which are yellow pig¬ 
ments, sometimes called anthoxanthins (flower yellow). 

»* and Zbchmeisteh, preuss. Akad. Wias. Phyaik. Klaaae^ 

8S6 (1914).; Ch»m. Zentr,, II, 1359, (1914). 
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The anthocyanins®* have considerable affinity for wool that has been 
mordanted with tin, chrome, or alum. The affinity increases in the 
order perlargonidin, cyanidin, and delphinidin. The colors are not fast 
to washing. 

The anthocyanins are responsible for some of the beautiful red, violet, 
and blue colors that appear in autumn foliage.®^ An impermeable tissue 
begins to form between the leaf and the stem, interference with the 
circulation of cell sap takes place, the sugars manufactured in the leaf 
are no longer transported to other parts of the plant, the production of 
the green chlorophyll is retarded, and formation of anthocyanin takes 
place. Warm sunny days, which permit a maximum amount of sugar 
formation in the leaf, and cold nights, which interfere with translocation 
of the cell sap, are best for nature/s synthesis of these compounds. An 
injury to the stem of the leaf will produce the same colors in midsummer. 
Petals are attached less firmly to the plant than leaves, in accordance 
with the view that circulation of cell sap should be retarded if colors are 
to form. The pigments also appear in the early spring before chlorophyll 
production is at a maximum. The yellow colors in fall foliage are largely 
due to the presence of flavones. Carotinoids are yellow, red, and brown 
pigments that are unlike the anthocyanins and flavones in that they 
coexist with and may modify the green of the chlorophyll during the 
growing season. Carotins cannot be observed by the eye until the leaf 
fails to manufacture enough chlorophyll to mask the color of the caroti- 
noid. The final brown color of the foliage is probably caused by oxida¬ 
tion of the flavone salts. 

Benzopyrylium Salts.—The question of the structure of the antho- 
cyanidin salts is part of the general problem of chromylium and flavylium 
salt structure which has been viewed from many interesting and valuable 
angles. The discussion®® centers on whether a carbonium or oxonium 
structure is preferred. A carbonium (Dilthey prefers the term ‘‘car- 
benium” in order to emphasize the tervalent character of the carbon ion) 
form places the seat of the positive polarity at C 2 or C4. The arguments 
for this structure are that (a) the reaction with phenylmagnesium halide 
introduces a phenyl group on a carbon rather than on the oxygen atom; 
(6) peroxide oxidation takes place at C 2 , which must therefore be hetero- 
polar and deficient in electrons; (c) ozonization®® of these salts in glacial 
acetic acid shows decomposition at the C 2 =C 5 and C 8 =C 4 bonds accord- 

®®Pebkin and Evebbst, Natural Organic Colouring Matters, Longmans, 
Green and Company, New York, 1918. 

®*Sando, /nd. Eng. Chem., News Ed., 9, 338 (1931); Robebts, Soi, Monthly, i5, 
427 (1937). 

Chem. Rev., 19, 27 (1936); Hill and Malhuish, J. Chem. Soc., 1161 

(1935). 

’•SuRlNEB and Moffett, J, Am. Chem. Soc., 69, 2711 (1940). , • , 
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ing to the following scheme; and (d) an allylic shift between Cs and C 4 

P 2 H pN OjCR T OsOR 


RO:r-RO:-Rr^^^R 


. CH,C(0)ll' 


Bmall R « CcIIb R' «» H, alkyl or other group. 

« lUOt. 

C6H4BrT HOC 6 H 4 CHO + BOiCCJhBv 

CV and 

I OCH 3 BrC 6 H 4 C 02 C 6 H 4 C:H 2 C 02 CHa 



Rorr--R 


OH OCC6H4Br 
CHO'*' Oc'^CcHb 


exists as shown by the fact that one product only is obtained in the 
following examples. 



yov^o 


y On CoHb 

J 

0 



JL J CeH. 


CbH.CH, 


D 


1 « 


1 h 


CeHfi 






JLJ C\Hb 


aH4CH3 




« C«H8MgBr, FeCls + HCl. » CH8C«H4MgBr. FeCla + XICl. 


+ 


F(‘Ol4“ 


Arguments for an oxonium salt structure are (a) that the position in 
the periodic table suggests that carbon has little tendency to act as a 
base; (b) that the position attacked in the action with the Grignard and 
oxidizing agents is not a criterion of the original structure of the oxonium 
ion since neutral tervalent oxygen compounds would not exist and would 
decompose to give products predicted by the resonance structure below; 
and (c) that any oxygen atom within the ring should add to the stability 
and resonance of the system. Heats of combustion show that reson- 



ance®’^ is present in phenol itself. It would appear reasonable to assume, 



‘^PAtTLiNG, Gilman, ^'Organic Chemistry,” Vol. II, John Wiley A: Sons, Inc., 
New York (193S). 
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therefore, that an atom, whose electrons can resonate with the ring 
electrons when outside the ring, would be even more able to allow its 
electrons to so resonate when moved to a more favorable position inside 
the ring. 

Polyhydroxyflavones.—A large number of these compounds exist 
in nature combined as glucosides or rhamnosides. They are yellow 
colored compounds once used extensively as dyes. On cloth, mordanted 
with chromium, tin, or iron salts, the colors are dark yellow and brown. 
They are degraded by hot aqueous caustic solution or by fused caustic 
to resorcinol or phloroglucinol and an aromatic acid as in the case of the 
anthocyanins. They are synthesized by three general methods outlined 
below. Large R represents the hydroxylated benz system; small R 
represents the hydroxylated phenyl ring. Usually the reactions are 
carried out with the methoxy, rather than the hydroxy, compounds. 
Hydriodic acid then converts the methoxy to the hydroxy products. 
The starting material for the first type of condensation is obtained by (a) 
acylation of the ethers of resorcinol or phloroglucinol and (6) condensa¬ 
tion of the acetophenone with the alkyl benzoate. The chalcones 
needed for the last two types of synthesis are obtained (a) by condensa¬ 
tion of resorcin- or phloroglucin-aldehyde, usually as the methyl ether, 
with appropriate acetophenones, or (6) by condensation of an oj-methoxy- 
acetophenone with a benzoic anhydride as in a Perkin condensation. 
The last two methods are used to introduce a hydroxy group at Ca. 



«HI. 

R » CeH., C«H40H, CeHj(OH)a, etc. 



« Hot dil. HCl. k CsHiiONd, 10 per cent H 2 SO 4 . 


pOH 

IN C(0)CH20CH, 



R 

OCH* 


• (RC0)*0 + RCOaN* + heat. 


The names, structure, and melting points of a number of these com¬ 
pounds are tabulated below. Compounds with hydroxy groups in the 
3-position are known as flavonols. Flavones can be readily distinguished 
from flavonols by the resistance of the former to a current of air 
aspirated through an alkaline solution. 
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Common name 

-hydroxy-flavone 

M.p., ^C. 

Source 

Ref. 

Chrysin. 

5,7-Di 

275 1 

Poplar buds 

<8 

Apiginin. 

6,7,4'-Tri 

276-277 

Apium pctrolelium 
(parsley) 

60 

Luteolin. 

5,7,3',4'-Tetra 

327 

Reseda luteola (weld) 

63 

Fisetin. 

3,7,3',4'-Tetra 
5,7,3',4'-Tetra 

1 

Fustic bark 

70 

Eriodictyol. 


p]riodictyon extract 

71 

Kaempferol. 

3,5,7,4'-Tetra 

276-278 

Associated with indigo 

72 

Quercitin. 

3,5,7,3',4'.Penta 

312-314 

Querciis tinctoria 

72 

Morin. 

3,5,7,2',4'-Ponta 

290 d. 

Morns tinctoria 

72 

Myricetin. 

3,5,7,3',4',5'-Hexa 

360 d. 

Myrica nagi 

7d 


The compounds were used mostly for dyes. Luteolin, from weld, is 
one of the oldest known dyestuffs.®^ It was used by the Gauls in the 
time of Julius Caesar. Fustic bark and other products have been largely 
replaced by synthetic dyes. Eriodictyol is one of the components of 
eriodictyon, an extract from Eriodictyon californicum, known commonly 
as consumptive weed, mountain balm, gum plant. The extract is used 
as an expectorant and as a bitter principle in medicine. Ilesperitin is 
the 4'-methyl ether of eriodictyol. There is some discussion at present 
as to whether hesperitin or its water-soluble chalkone has the so-called 
vitamin P activity that regulates the permeability of the capillaries. 

Butein is obtain from the flowers of Butea Jrondom, which grows in 
India to a height of 30 to 40 ft. The flowers have a bright orange color 
and furnish a nonpermanent yellow dye®®*^^ which is much used by the 
natives during the Holi festival season, after which the cloth is washed 
to its original whiteness, Butein is a tetrahydroxybenzylideneaceto- 
phenone (a tetrahydroxy chalkone), and butin is the corresponding 
flavanone, made from butein by the action of dilute sulfuric acid. Butein 
and butin exist in the plant as glucosides. 

Hesperitin is a cleavage product from hespeidin, a glucoside which is 
found in citrus fruits. 

Merck Index,” 6th ed. Merck and Co. Inc. Rahway, N.Y. (1940). 

••Perkin, /, Chem. Soe.y 71, 805 (1897); 72, 666 (1898); C-zajkowski, Kostan- 
RCKi and Tambor, Ber.f 88, 1988 (1900), 

Kobtanecki and Kvqler, ibid., 87, 784 (1904); Kostanecki and Nilkowski, 
ibid., 88, 3587 (1905). 

Kino and Robertson, J , Ckem , Soc .^ 1704 (1931); Shinoda and Sato, J. 
Hharm. Soc.y JapaUy 49, 64 (1929), 

»» Kostanecki, Lamps, and Tambor, Ber.y 87, 1402 (1904); 89, 626 (1906). 

”Kalpf and Robinson, /. Chem , Soc,y 121, 181 (1926). 

^♦Perkin and HvMMBn, J, Chem, Soc,, 86, 1459 (1904); King and Robertson, 
im, 1704 (1931). 
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Batin Hespe^etin 


Isoflavones.—' Wlicn the aromatic substituent on a chromane system 
is attached to the beta position the compounds are known as isoflavones. 
They are less common than the flavones. Iredin (m.p. 208°) is a gluco- 
side, found in the dried rhizome of Iris ftorentina L, (orrisroot). The 
structure'^® is shown below. Hydrolysis removes the sugar and gives 
iregenin. Aqueous potassium hydroxide decomposition gives the known 
3-hydroxy-4,5-dimethoxyphenylacetic acid, methoxyphloroglucinol, and 
formic acid. When iregenin is treated with dimethyl sulfate and alkali, 
all hydroxyl groups are methylated; but when it is treated with methyl 
iodide and alkali, one hydroxy group is unaffected. The product is, 



however, a phenol, gives a color with ferric chloride, and forms an acetyl 
derivative. The hydroxyl group that is in the most favored position 
for abnormal properties is at C^. The abnormal character of one 
hydroxyl group is shown also by the fact that iregenin forms only a 
dibenzoyl instead of a tribenzoyl derivative. These tests and con¬ 
firmatory ones show that the sugar radical must be attached at C7. 

Tectorigenin is the aglucone of tectoridin and is 5,7,4'-trihydroxy-6- 
methoxyisoflavone. The dimethyl ether of tectorigenin is obtained^® by 
the condensation of 4,5-dimethoxyresorcinol with homoanisylnitrile 
followed by condensation of the resulting ketone with ethyl formate. 
Ring closure takes place with the hydroxyl in the unhindered position. 


CRzO a 

CH«0 V J CH,0J CCHaCeH^OCH, 
OH OH ^ 

Large R « (CHiO)8(OH)CaH. 



« CH«0C«H4CH2CN + ZnCh + HQ, H*0. b CHiOaCH + Na, HX. 


The 4,6-dimethoxyresorcinol reagent is prepared from guaiacol through 
the intermediate steps of 4,6-dinitroguaicol, 3,5-dinitroveratrole, 3,6- 
diaminoveratrole, 3,5-dimethoxyresorcinol. The homoanisylnitrile is 
obtained by the condensation of anisole with formaldehyde and hydro- 


Baker, /. Chem. Soc,f 1022 (1928); Baker and Robinson, 127, 1981 (1926). 
Shriner and Stephenson, /. Am. Ch$m. Soc.^ 64, 2737 (1942). 
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chloric acid in the presence of zinc chloride followed by treatment of 
the chloromethyl product with sodium cyanide. 

Rotenone,—The insecticide and fish poison, obtained from the plant 
Derris of the Fabaceae family and the shrub Lonchocarpus of the Caesal- 
piniaceae family, which grow in Malaya or the Dutch East Indies and 
in South America, respectively, is known as rotenone, tubatoxin, or 
derrin. Large quantities are used in the manufacture of fly and mosquito 
repellents.’'^ 

The structure’^ of this compound (m.p. 103°) may be regarded as a 
hydroxylated and methoxylated isoflavonc, to one side of which is fused 
one isoprene residue to give a dihydrofuran ring, and at the middle of 
which is a methyleneoxy bridge l>ctween two rings. The compound 
may also be regarded as a chromano-chromanone and also somewhat 
like an angular furocoumarin but with the carbonyl group in the gamma 
instead of the alpha position. The formula is written below in two 
positions, the first to emphasize the isoflavone framework that is present, 
and the second to accord with the rule for numbering in the ‘^Ring Index.^^ 
The last arrangement shows a ring sequence much like that in the car¬ 
cinogenic dibenzanthracene, although the presence of the oxygen atom 
in the 6-position and other differences are suflScient to eliminate the 
cancer-producing property of the hydrocarbons. 



When the customary degradation by strong alkali is applied, the 
left side of the first molecule above is separated as tubaic acid, which by 
caustic fusion changes to isotubaic acid. The structure of these two 
benzofuran products has been discussed already in Chap. 11. 

Less drastic alkaline cleavage with simultaneous zinc reduction gives 
acetaldehyde and derritol, C 2 iH 2 a 06 , which by a sequence of methylation, 
LaForcb, Haller, and Smith, Chem, Rev,^ 12, 181 (1933); Haller, J, Chem, 
Educaiiortf 12, 315 (1942); Haller, Goodhtje, and Jones, Chem, Rev,, 80, 33 (1942). 
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hydrogenation to tetrahydromethylderritol, and oxidation by hydrogen 
peroxide gives the known trimethoxyphenylacetic acid, a product that 
comes from the right side of the formula in question. 


CH 2 ==CH—CH—CHif 

in, (*) 


\ 



OH 

(;o2H 


Tubaic arid 



CH2=CH—CH—CIT2 

Ah. A 



Deriasic acid 


HO2CCII2O 

ho2(;ch, / \ ocH. 

^OCH, 

Derric acid 


Mild alkaline oxidation with iodine eliminates the two hydrogen 
atoms between the two heterocyclic rings and gives dehydrorotenone. A 
series of treatments with alcoholic alkali (to give derissic acid), peroxide 
(to give derric acid), and permanganate oxidation convert dehydrorote¬ 
none to rissic acid (CIl 30 ) 2 C 6 H 2 (C 02 H) 0 Cn 2 C 00 H. Decarboxylation 
of rissic acid gives decarboxyrissic acid, (CH 80 ) 2 C 6 H 80 CH 2 C 00 H, 
which is shown by synthesis to be 3,4-dimethoxyphenoxyacetic acid. 
Hot acetic anhydride and sodium acetate convert derissic acid to 
dehydrorotenone. 

Strong acids convert rotenone to isorotenone, by rearrangement of 
the double bond to a position in the furan ring. Catalytic hydrogenation 
gives dihydrorotenone. 

All the above changes, together with numerous tests and supple¬ 
mentary information such as is furnished by hydrazone formation, 
methoxy determinations, Zerewitinov measurements of active hydrogen, 
etc., were skillfully explained by Haller and LaForge as characteristic 
of the formulas given above. The compound has not yet been synthe¬ 
sized, although ring structures of the chromenochromone type have been 
made. . 

When the extract from Deriis or cube root is concentrated and the 
rotenone crystals are separated, the residue is found to contain deguelin,’'* 
tephrosin,^® and toxicarol,"^® all highly toxic to fish, but much less active 

Clark, J, Am. Che^n. Soc., 63, 313 (1931). 

’f* Hanriot, Compt. rend.j 144, 160 (1007). 
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than rotenone.^® These compounds have a pyran instead of a furan 
ring, and the last two also have hydroxy substituents. Sumatrol®^ has 
the same framework as rotenone but has an extra hydroxyl group at Cs. 
It also is less active than rotenone. 




X 

Y 

m.p. 

Dequelin 

H 

H 

171® 

TophroBin 

H 

OH 

187® 

Toxicarol 

OH 

H 

219® 


Elliptone has the same structure as isorotenone except for the absence 
of the isopropyl group in the former. Malaccol has the same structure 
as elliptone except for the presence of a hydroxyl group at C's. Apart 
from the effect of these structural changes, the toxicity of rotenone is 
decreased^^ 50 per cent by conversion to dihydrorotenone. The acetyl 
derivatives of the hydroxy compound have less activity, and the hydroxy 
compounds have still less activity than does rotenone. 

The activity of insecticides®^ can often be boosted by the presence of 
another compound, called a synergist. Kotenone, for instance, is a 
synergist for pyrethrum. Fused dihydrofuran rings, present in plant 



R of R' - OH, OCin or RR' » OjCH>. 


materials, have a synergistic effect on the insecticidal action of pyrethrum 
on houseflies. Over 6}'^ million pounds of Derris and Lonchocarpus were 
imported in the United States in 1940 and over 13}^ million pounds of 
pyrethrum. 

Dehydrorotenone is a chromenochromone. Compounds of this type 
may be prepared in the laboratory. One method®® is shown below. In 
order to simplify writing the important parts of the formulas, A will be 
used to designate the methoxy benz end and B the hydroxybenz end of the 
essential intermediate. The methopey or hydroxy group is in the meta 
position to the oxygen atom in the adjacent ring. The synthesis begins 

Gerbsdokf, J. Am, Chem, Soc,f (8, 1895 (1931); Firik and Haller, J. Econ, 
Entomol, 29, 594 (1936). 

Robertson and Rusby, J, Chem. Soc., 497 (1937). 

»» Haller, LaForge, and Sullivan, J, Org, Chem.^ 7, 185 (1942). 

” Robertson, J. Chem, Soc,j 489 (1933). 
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H2 

c 



® Hydrolysis of imino group, double ring closure. 

Tbe steps on the A side are (1) to EtOsCCHaORCHO by means of BrCHaCOaEt, HORCHO, and 
potasHiuin catbunaie iiv hot acetone; (2) to H0sCCll20RCH8C(0)C0jH by means of a condensation 
of the aldehyde with hippuric acid, acetic anhydride, and sodium acetate followed by hydrolysis with 
10 per cent NaOH and then acidification; and (3) to ClIiOsCCHsORCHsCaEN by means of hydroxyl 
amine, followed by dehydration of the oxime with acetic anhydride and then esterieation of the acid 
at the other end of the molecule by CH 2 Na. This nitrile is then condensed with resorcinol by use of ainc 
chloride in ether saturated with IICl (Hoesoh'synthesis) to give the compound shown on the left above. 
The double ring closure in stop a is accomplished, after hydrolysis of the imino group occurs, by hot 
acetic anhydride and sodium acetate. R * phenyl nucleus in the above steps. 


with 0 -methylresorcylaldehyde and includes such standard operations 
as the formation of an a-keto acid by use of the azlactone, the formation 
of a nitrile by dehydration of an oxime, and the condensation of a nitrile 
with a phenolic compound. 

Hematoxylin.—This compound can be regarded as a 7 -flavanol with 
a methylene bridge between two of the rings. Brazilin has the same 
structure save for the absence of a hydroxyl group at C 4 . The structure®^ 
is derived from a consideration of the degradation fragments. The per¬ 
manganate oxidation products derived from brazilin, which has been 
trimethylated in order to protect the hydroxyl groups, are brazilic acid, 
2-carboxy-5-methoxyphenoxyacetic acid, 2-carboxy-4,5-dimethoxy- 
phenylacetic acid, m-hemipinic acid, and brazilinic acid, listed, respec¬ 
tively, as a, bj Cj d, and e below, by partial formulas which preserve 
the relative positions of rings A and D to each other. 


OH 



\, OCHuCOjH \, OCHjCOjH 




CO2H 

^kn 

COjH 

D 


/\ 


CO 


CO,H 

^1 

(«) 


These pieces can be assembled into a structure for brazilin which is 
supported by the synthesis of brazilinic acid (e) by the Friedel-Crafts 
reaction of the anhydride of* m-hemipinic acid (d) with the ethyl ester 
of 3 -methoxyphenoxyacetic acid, which is the ethyl ester of the acid 

Perkin and Robinson, J» Chem, 5oc., 93> 489 (1908). 
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corresponding to (6) less the aromatic carboxyl group. Since hema¬ 
toxylin by alkali treatment gives pyrogallol, where brazilin gives 
resorcinol, the structure of these two compounds can be regarded as 
established. Both products are obtained from brazilwood which was 
named from hraza meaning ^^fiery red.'' The compounds were once used 
extensively for dyeing purposes. Hematoxylin is used some as a stain 
in microscopy and in the manufacture of ink. 

Hematein is obtained from hematoxylin or logwood extract and 
ammonia by treatment with air. This oxidation converts ring D to 
a para quinoid structure at Cg. 

CannabinoL —l-IIydroxy-3-n-amyl-6,6,9-trimethyl-6-dibenzopyran, 
otherwise known as cannabinol, is isolated, together with the closely 
related substituted diphenyl compound, known as cannabidiol, from the 
red oil of Cannabis indica and of Minnesota wild hemp. The compound 
can be synthesized®^ from ethyl 5-methyl-cyclohexanone-2-carboxylate 
and olivetol (5-n-amylrcsorcinol) by the steps shown below. 



• pool*. * (1) AcsO + NaOAo; (2) S at 225-2r»0°; (3) CHsMgl. 
Large R - CcHuCOmCoH* <. 


Hydrogenation of cannabinol gives a tetrahydro product that has mari¬ 
huana activity. The relationship between cannabidiol and cannabinol 
is apparent from the fact that mineral acids and other reagents isomerize 
the former to a tetrahydro derivative of the latter with loss of one 
hydroxy group and one double bond. Dehydrogenation with sulfur 
completes the change to the cannabinol. The compound is probably 
formed in nature by the condensation of a terpene with olivetol. 

XANTHENES, XANTHONES, AND RELATED COMPOUNDS 

Xanthenes. —Xanthenes are prepared by condensations of appropriate 
2,2'-dihydroxydiphenylmethanes. Two methods®® of preparation of the 
parent compound, one from p-bromophenol and another from saiigenin, 
are shown below. 



• H*S 04 , Na + CjHiiOH. heat. ^ HCl, Na + CsHiiOH, heat. 

«*Apams and Baker, J. Am. Chem. jSoc., 62, 2401 (1940); Adams, Baker, and 
Wearn, ibid.j 2204. 

»«BtXEHliOR, Cooper, and Scbudder, /. Org, Chem., 8, 316 (1943). 
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Xanthene melts at 99.5 to 100.5 and boils at 315°. Oxidation converts 
it to xanthone. 

Xanthones. —Xanthones can be prepared (a) by the action of sulfuric 
acid or acetic anhydride on a mixture of salicylic acid and phenol;®^ (6) 
by thermal rearrangement of phenyl salicylate, a process in which phenol 
is probably formed as an intermediate step; (c) by ring closure of a 
diphenylethcr-o-carboxylic acid,®® a compound prepared in fine yield 
from an o-chlorobenzoate and a sodium phenoxide in the presence of 
copper; (d) by condensation of an n-ainino-o'-methoxybenzophenone.®*’ 
prepared by appropriate steps from anthranilic acid; and (c) by subjection 
of coumarandione®° to 200° for 6 hr. in an atmosphere of carbon dioxide. 
Some of these methods are illustrated below. A few others will he men¬ 
tioned later. 


o-HOC6H4r02C^fiH5 


o-C 1C8H4C:02H + NaOC^cHi 


K<».hK 


«* Heat. The intermediate phenoxybenzoic aci<l is assumed to foim. ^ Heated with coppei. « Heat 

or H2S04‘ or SOCl >, AlCla. 


NHR « 


NHR OHaO 


OCH, 


Large R » C 5 H 4 ; nmali R « pCH8rflH4vSO^—. 

« PCh mC6H4(OCH«)j •+ AlCL. * II2SO4 -}- HOAc to remove toluenehulfonyl ladical, HNO2 in 
HaSOi with heat. 


Xanthone melts at 174° and boils at 371°. The compound has some 
structural resemblance to anthraquinone and resembles®^ the aromatic 
analogue in some of its chemical properties, modified, however, by the 
presence of the ethereal oxygen atom in the central ring. For exarrtple, 
nitration takes place much more readily in the xanthone ring. Tri- and 
tetra-substituted derivatives can be obtained. By contrast, dinitro- 
anthraquinone is not nitrated further. Xanthone is also readily bromi- 
nated and forms a hexa- and octa-bromo product. Fusion with potassium 
hydroxide opens the ring to 1,1'-dihydroxybenzophenone; the same 
process on anthraquinone gives two molecules of benzoic acid. As in 
7 -pyrone, the carbonyl group is inert to phenylhydrazine or hydroxyl 
amine. Perchloric acid gives a crystalline perchlorate; sulfuric acid 
dissolves it with a bright blue fluorescence in a yellow solution. Zinc 
dust in alcoholic alkali converts it to xanthydrol; zinc-dust distillation or 

87 Dhar, /. Chem. Soc,, 117, 1053 (1920); HollkMan, Org, Syntheses, Coll. Vol. I, 
552 (1941). 

88 Ullmann and Zlokasoff, J5er., 36, 2111 (1905); Look and Kemptbr, Monatah.j 
67^ 24 (1935). 

8» Ullmann and Denzler, Ber., 39, 4332 (1906). 

8oScHON»EBa, MouBASHBBand Mostafa, J , Chem. Boc., 348 (1941). 
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hydriodic acid converts it to xanthene. One molecule of a Grignard 
reagent adds to xanthone in contrast to two molecules which add to 
coumarins, Xanthone®^ is toxic to codling moth larvae, even more so 
than nicotine sulfate in mineral oil. 

Euxanthone is 1,7-dihydroxyxanthone. It is present as a glucoside 
in mango leaves. Tt can be prepared®^ from 2-chloro-6-methoxy ben zoic 
acid by the steps outlined below. 



« Uoat with Cii, HaSO^ to form xanthone system, AlClj to convott inethoxj'^ groups to hydroxy. 

When ouxantht)ne is treated with methyl iodide and alkali, only one 
hydroxyl group is methylated. Distillation of euxanthone with zinc 
dust gives xanthene. 

In one part of India, the urine of cows that have been fed on mango 
leaves is heated in order to precipitate a pigment known as Indian 
yellow,which is used for coloring walls and doors and as a water color 
by artists. The pigment contains 51 per cent of eaxanthic acid, which 
has the composition of euxanthone, except for the glucuronic acid. 


—0CH(CH0H)3CHC02H, attached at position 7. Euxanthic acid can be 
found also in the urine of rabbits and dogs that have been fed euxanthone. 
The position of the sugar derivative is shown readily by methylation 
with diazomethane followed by hydrolysis. The sugar is eliminated, 
and the methyl ether is not the same as that obtained from euxanthone 
with methyl iodide and alkali.®® The l-hydroxy group is also dis¬ 
tinguished by its capacity to form a boroacetate with boroacetic acetic 
anhydride. A chelated structure is formed. The 6-hydroxy group is 
acetylated during this process. The complex is subsequently decomposed 
by warm water with the formation of 6-acetyleuxanthone. Methylation 



with diazomethane and subsequent hydrolysis then gives 4-methyl- 
euxanthone, isomeric with the product of methylation of euxanthone 
with methyl iodide and alkali. 

Smith, Ind. Eng. Ckem., 84, 499 (1942). 

Ullmann and Panchaijd, Ann., 350, 108 (1906). 

Robertsoh and Waters, J. Chem. Soc., 1709 (1931). 
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Gentisen is tl^e 3-inethyl ether of 1,3,7-triliydroxyxanthone. It is 
present as a glucoside iti the rhizomes of Gentiana lutea L. 

Ravenelin is a yellow crystalline pigment, C 14 H 10 O 6 , formed from a 
species of Helminthosporium grown on glucose. One of the subgenus 
of this mold produce polyhydroxyanthraquinones and another produces 

OH 

OH3 



polyhydroxyxanthones.®^ This last subgenus includes H, ravenelii, a 
parasite that grows on grass, and H. hiricicum, the leaf blight that grows 
on maize. Ravenelin is 3-inethyl-l,4,8~trihydroxyxanthone. It melts 
at 207 to 268°, forms a ferrichloride salt CiTlIirOs-FeCU, and forms a 
triacetyl or benzoyl derivative. The trimethyl ether is inert to alkali 
and acetic anhydride. Fusion with potassium hydroxide gi\ es resorcinol. 
Treatment of the trimethyl ether in boiling xylene with sodamide gives 
urea and 2,5,3'-triraethoxy-3-methyldiphenyl ether. Excess bromine 
converts the ether to a tri- and a tetra-bromo product. The latter is 
compared with a synthetic product. 

Thioxanihone, —The thioxanthones are'the sulfur analogues of the 
xanthones. They are prepared®^ by analogous methods, as illustrated 
by the equations below. 

2(j-.N 02C6H4C1 + NazS NaCl + p-NOaCeH^SNa 

??-N02C6H4SNa + o-ClN2CflH4COOH NaCJl -h -f P-NO 2 C 6 H 4 SC 6 H 4 COOH 

P-NO2C6H4SC0H4COOH + PCU p-N02C6H4SCflH4C0Cl 4- H(;i -f POCl, 

P-NOsC.H,SC.H 4COC1 +heat -*8 —NOsC,H,|q^qj|C 6H4 + HCl 


The basic character®® of the thioxanthone nucleus becomes greater as 
methoxy groups are introduced. The positions of hydroxy and methoxy 
groups are important. A marked contrast in behavior is found in the 
compounds below. 



l-Hydroxy-4-methoxythioxanthone (A) is insoluble in aqueous alkali 

•^Raibtrick, Robinson, and White, Biochem. J., 80, 1303 (1936). 
w Mayer, Rcr., 48, 3046 (1909). 

Roberts and Smiles, /. Chem, Soc., 1322 (1929). 
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and adds no hydrochloric fund. The isomeric l-methoxy-4-hydroxy com¬ 
pound dissolves in acjiieous hydrochloric acid and sodium hydroxide and 
adds two molecules of h^^drochloric acid to form crimson colored salts. 
The third formula {C) shows the chelated structure of the hydrochloric 
acid addition compound. Similar chelated structures are possible with 
stannic chloride and boroacetate. 

Xanthydrols. —Reduction of xanthone with zinc dust and alkali or 
by sodium amalgam gives a xanthydroL The reaction of xanthones 
with the Grignard reagent gives the homologues of xanthydroL These 
compounds dissolve readily in mineral acids and form salts with hydro¬ 
chloric acid, ferric chloride, platinic chloride, mercuric chloride, etc. 
The cation is probably a resonance form of oxonium and carbonium 
structures. 


+ T{C 


/ \ 


O 


\ 

CoH, 


/ 



\ 

CcH4 


0 + 

/ 


X- 


When an aqueous hydrochloric acid solution is treated with vanadous 
chloride,®^ the dixanthyl is precipitated. 

2lO(CiJi,hCll]'^C\ -h 2Vaa2 0(CeH4)2()R—ClRC^cHdzO -f 2ysiCU 

Chromous chloride acts similarly. The dixanthyl will dissociate into 
free radicals, the more so if R is a branched alkyl group or is an 
aromatic group. 

Xanthydrol melts at about 122 to 124®. When heated in ligroin for 
a long time, it forms the dixanthyl ether, 0 (C 6 H 4 ) 2 CH—O—CH(C 6 H 4 ) 20 . 
The hydroxyl group is very active and is eliminated by condensations 
with compounds that have active hydrogen atoms such as malonic 
esters, sulfonamides, and hydrochloric acid, to yield 1:1 products, or 
with urea and hydrogen sulfide, to yield 2:1 products such as CiaHjO- 
—S—C 13 II 9 O. The N-xanthyl-n-alkylsulfonamides,®® derived from the 
reaction of xanthydrol with alkyl-substituted benzenesulfonamides, 
have melting points that are suitable for characterization of the latter. 

Xanthylium Salts, —A large number of xanthylium salts are obtained 
by condensation of polyhydroxybenzene compounds with ethyl formate, 
the orthoformate, or a like compound undA* the influence of hydrochloric 
acid. One resonance form of the yellow colored product is represented 
below. 

CoNANTand Sloan, J , Am. Chem. Soc,j 45,2466 (1923); 47,672 (1925); Conant, 
Small, and Sloan, ihid.^ 48, 1743 (1926); Zieolb», Fbies, and Salzer, Ann., 448, 
248 (1926). f 

Phillips and Frank, J. Org. Chem.f 9, 9 (1944). 
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When the xanthylium salt is treated with alcoholic potassium acctat(‘, 
the color changes to an orange red. One possible resonance form is 
shown below. 


HO 


Na+ 



If formaldehyde had been used in the above condensation instead of 
(‘thyl formate, the product would have been a xanthene, which, with 
chloranil in acetic acid and then with hydrochloric acid, is converted to 
the xanthylium chloride. 

Pyronine. —If m-dimethylamino phenol is allowed to condense with 
formaldehyde, a xanthene is produced, which on oxidation and conversion 
to the hydrochloride gives pyronine. One resonance form is shown 
below. Permanganate oxidation converts this compound to a red com- 




Acridine red 


X- 


pound called acridine red.®® 

If succinic anhydride with zinc chloride is used in place of formaldcj- 
hyde, the product is the succinyl derivative which is more important 
as a dyestuff. 


(CH,)2N 



miCOiK 
Khodamine S 


N(CH8)2l+Cl- 


Eosines. —Fluorescein was first prepared in 1871 by fusion of a mixture 
of phthalic anhydride and resorcinol. It has a yellow color when pre¬ 
cipitated from alkaline solution with acid and a red color when crystallized 
from alcohol. Fluorescein has a lactoid formula. When treated with 

’’Gain and Thorpe, Synthetic Dyestuffs,Griffin & Company, Ltd., 

London, 1933. 
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alkali, it has a qxiinoid formula. It owes its fluorescence in alkaline 
solution to resonance between two forms, one of which is shown below. 



O 



Na+ 


The behavior is analogous to that of phenolphthalein. Fluorescein is 
used as a diagnostic agent in ophthalmological work to delineate corneal 
ulceration. 

Orcinolphthalein^^^ is obtained from orcinol and phthalic anhydride 
by fusion at 210 to 220° or by treatment with concentrated sulfuric 
acid at 135°. 

Mercurochrome is a mercurated dibromofluorescein which is used as a 
diuretic and an antiseptic. It is inferior to iodine as a skin disinfectant. 

HgOH 

Br Br 

Mercurochrome 

Eosin and erythrosin are the alkaline salts of a tetrabrominated and 
tetraiodinated fluorescein, respectively. 


rO Br 

Br 1 

- 

■() I 

I 1 


1 

O 

o 

\_ 



-NO- 

Brl^ 




Jl 


C.H4COIK 


CtH.C 

-1 

0 


The latter is a red dye, the use of which is permitted in food. It is 
also used as a photographic sensitizer. ^ 

Rhodamines. —Rhodamine dyes®® are the phthalein analogue of 
pyronine. They are prepared by the condensation of phthalic anhydride 
with a dialkyl-m-aminophenol. 

100 Goodman and Gilman, ** Pharmacological Basis of Therapeutics,” The 
Macmillan Company, New York, 1941. 

^oiQbndobff and Allen, /. Am, Chem. Soc.^ 87, 1201 (1915); Obndobpf and 
Hemmbb, ibid., 49, 1272 (1927). 

10* Mees, *^The Theory of the Photographic Process,” The Macmillan Company, 
1942. 
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Problems 

1. What is the product produced from the following reactions? (a) 2-Chloro-5- 
methoxybenzoic acid with the alkali salt of /3-naphthol and copper at 180 to 200° 
followed by treatment with sulfuric acid.** (6) Anthranilic acid treated successively 
with benzenesulfonyl chloride, phosphorus pentachloride, veratrole, sulfuric acid, 
nitrous acid, and heat.** (c) Phloroglucinol and salicylnitrile subj(»cted to a Hoesch 
synthesis and the product hydrolyzed with hot aqueous sodium hydroxide.^** {d) 
Pyrogallol and diacetyl-/3-resorcylonitrile treated with zinc chloride and hydrochloric 
acid followed by boiling 2 N sodium hydroxide. 

2. What is the product formed in the following reactions? (a) Equivalent quan¬ 

tities of salicyl aldehyde, sodium succinate, and acetic anhydride, heated together, 
give Ci8Hio04.^®* (6) 2-Methyl-l,4-naphthohydroquinone (how prepared?), when 
treated in sequence with (1) methyl sulfate in alcoholic potassium hydroxide solution, 
(2) concentrated hydrochloric acid and formaldehyde in a stream of hydrogen chloride 
at 70°, (3) ethyl sodioacetoacetat<‘ in ethanol followed by acidification, (4) aqueous 
7 per cent sodium hydroxide followed by reflux in methanol and acidification again, 
(5) methylmagnesium iodide followed by hydrobromic-acetic acid refl\ix gives^®® 
C 10 PI 18 O 2 . (c) w-Hydroxy acetophenone (how obtained?) when treated in sequence 

with (1) 0-tetraacetyl-a-glucosidyl bromide and anhydrous silver carbonate in boiling 
ether, (2) /3-resorcyl aldehyde at room temperature' for 96 hr. in dry ether saturated 
with hydrogen chloride, (3) methyl alcoholic-ammonia at 0° for 14-15 hr., (4) methyl 
alcoholic hydrochloric acid.^®^ (d) Salicylaldehyde, treated in sequence with ethyl 
acetoacetate, nitrous acid, and phosphorus trichloride gives CiiH 9 N 03 .^®* (e) 

2,4-Dihydroxyphenylbenzyl ketone, heated with cinnamic anhydride and sodium 
cinnamate at 170 and up to 250° for 5 hr. gives 052112204 , which by hot alcoholic 
potassium hydroxide, followed by methyl sulfate, potassium permanganate, acid, and 
heat gives (/) Duroquinone (tetrarnethyl-p-benzoquinone), treated 

with diethyl malonato and sodium in benzene, gives, after acidification, a yellow 
compound that has the composition CuHisOs.^^® 

3. n-Hexylaldehyde is treated with acetone and sodium hydroxide, followed by 
successive treg-tments with ethyl malonate, sodium ethoxide, acjueous potash, 
mineral acid, and heat. The CnHi802 product of this sequence of reactions is some¬ 
times called “dihydro olivetol.^^ It condenses with 2-bromo-4-methylbenzoic acid 
(how prepared?) in the presence of copper to form a compound, which by successive 
treatments with sulfur at 255 to 260° and then with methylmagnesium iodide yields 
C 21 H 26 O 2 . What are the compounds formed in these reactions?*® 

4. Trimethyl hydroquinone, when heated with 7 , 7 -dimethylallyl bromide (how 
obtained?), gives C 14 H 20 O 2 . Show how the same product can be prepared by way of 
an intermediate coumarin. Show also how it might be obtained by condensation of 
an appropriate compound with isoprene.^” 

1®* Nishikawa and Robinson, J, Chem. Soc ., 121, 839 (1922). 

1®^ Atkinson and Heilbron, fWd., 2688 (1926). 

Dyson, /, Chem, Soc ., 61, 61 (1887). 

Smith, Wawzonek, and Miller, J, Org, Chem,^ 6 , 229 (1941). 

1®’ Robertson and Robinson, J, Chem, Soc.y 242 (1927). 

i<«Linch, ibid.y 101, 1758 (1912). 

1®® Baker and Robinson, 127, 1981 (1925). 

11® Smith and Dobrovolnt, J, Am, Chem, Soc ,, 48, 1693 (1926); Smith and 
Dentes, ibid,y 68 , 304 (1936). 

Smith, Unonajde, Hoehn, and Wawzonek, J, Org, Chem., 4, 305, 311 (1939). 
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5. 4,C~Dibroiuo-o-cresol is troaied with chromic acid in acotic acid at GO® to form 
a producjt, which by successive treatments with (a) stannous (*hloridc and ( 6 ) alkali 
and methyl sulfate gives a product 4, CJ 0 HiiO 2 Br. In another sequence of reactions, 
2-«hydroxy-4-*methoxybenzaldehyde is treated with hydroxylamine and then in 
sequence with (a) boiling acetic anhydride, ( 6 ) hot 10 per cent sodium hydroxide, (c) 
hydrochloric acid to form a product C 8 H 7 NO 2 . A and B are then treated with 
potassium and copper bronze and the mixture heated to 200 ® for 8 hr., followed by 
treatments with (a) aqueous barium hydroxide, ( 6 ) phosphorus oxychloride, (c) heat. 
The final product®^ has the composition CnHuOs. 

6. 2-Hydroxy-1-acetonaphthone, HO— CioHe — C(0)CH8, anisoyl chloride, and 
pyridine are heated together for 1 hr. and then poured into hydrochloric acid. The 
product is then treated at room temperature for 15 min. in an alcohol solution that 
contains sodium ethoxidc, after which the mixture is poured into acetic acid. The 
C 2 oHi 604 product of this last reaction is allowed to stand in glacial acetic acid with 
hydrogen bromide to form C 2 oni 403 . What products are formed?^'* 

7. Devise a method for the synthesis of 2-methyliriginol, which is 2-methyl-5,6,7,- 
3^,4,5-hexahydroxyisoflavonc.^^** Use guaiacol and gallic acid as starting materials. 

8 . Suggest a method for the preparation of selenoxanthone and phenylseleno- 
xanthydrol.^^^ 

9. Suggest a method for the preparation of the compound shown below. Name 
the compound. 



IX). iu-Aminochromidan has the same carbon framework found in hematoxylin. 



The heterocyclic ring is prepared by condensation of an appropriate phenoxy acid.'^* 
Suggest an acid that would be suitable and outline steps that would be necessary 
to complete the synthesis. 

Ullal, Shah, and Wheeler, J. Chem. Soc,, 1499 (1940). 

Baker and Robinson, ibid.^ 152 (1929), 

11 * Francois, Compt. rend., 190, 191 (1930). 

113 Sullivan, IIuebner, Stahmann, and Link, J. Am. Chem. Soc., 66,2288 (1943). 
113 Pfeiffer and Epler, Ann., 646, 263 (1941). 



CHAPTER VIII 
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The pyridine series of bases was first discovered by Anderson^ in 1846 
while he was attempting to confirm Runge^s observation of pyrrol in the 
sulfuric acid wash of the naphtha obtained from coal tar. These wash¬ 
ings, neutralized with ammonia and distilled, did indeed give a positive 
pine-splinter test; but, in addition, the distillate contained a new com¬ 
pound, which, after further distillations and digestion with potash, 
boiled at 272°F and yielded a pure solid derivative with platinic chloride. 
Analysis showed that the base had the composition CeHyN (then expressed 
as C12H7N) and was, therefore, isomeric with aniline. The new product 
was called ^^picoline.^^ Bone oil proved a more fruitful source, for he 
obtained more from 300 lb. of bone oil than from scweral hundred gallons 
of coal-tar naphtha. After much labor, he separated^ not only picoline, 
CeHvN, but also pyridine, CoHsN, lutidine, C7H9N, and collidine, CsHnN, 
in addition to methyl, ethyl, propyl, and butylamine. All these aromatic 
bases were characterized by formation and analysis of the sulfate, hydro¬ 
chloride, and nitrate salts and by conversion to the double salts of platinic 
chloride. The work is an excellent example of the separation of pure 


Y 



Pyii<line 

H, 


H 


Pipeiidine or boxa- 
bydropyridino 

Hj 


Hs 




H 


a or 2 -Pyridono 

o 





II 

A 2 -Tetrahy di opyridine 

o 



H 

7 - or 4-Pyridono 


H H 

a-Piperidone 7 -Piperidone 

Fig, 1.— Naming and numbering of pyridine compounds. 


compounds from crude material in that comparatively early period. 
‘ Anderson, Trans. Roy. Soc. Edinburgh^ 16, 123 (1849). 

* Anderson, ibid:, 20, 247 (1863); 21, 219 (1867). 
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The cyclic structure of pyridine was not recognized until 1870 when 
KOrner® concluded that it contained a piece of the benzene system and 
was best represented as a ring compound. 

Methods of Synthesis. Ring Closure with Ammonia .—One of tM 
earliest methods of synthesis was developed by Baeyer,^ who reasoned 
that the comparatively large amount present in bone oil must be caused 
by a reaction of acrolein, from pyrolysis of the glycerin in fats, with 
ammonia from nitrogenous material. He, accordingly, passed acrolein 
vapors into ammonia, evaporated the solution to dryness, and heated the 
residue in quantities of 200 to 300 g. in a copper retort. The products 
were a voluminous coke and an aqueous distillate from which an oil was 
recovered which boiled around 132° and formed crystals of a platinate 
salt, (C 6 H 8 NCla) 2 Pt, identical with the picoline isolated from bone oil. 
Formation occurs according to the general scheme shown below. 

CIls 

CH,=-CHCHO 
CH2NH3 

(iillCHO 

By a similar reaction, crotonaldehyde ammonia yields one of the 
collidines. 

The preparation is not limited to unsaturated aldehydes. Aldehyde 
ammonia combines according to the following plan to form 2-mcthyl-5- 
ethylpyridine. Obviously a great excess of ammonia is unnecessary. 
Better yields are in fact obtained from aldehyde ammonia and paralde- 
hyde.® Propionaldchyde, ammonia, and paraldehyde yield parvolin, 

CaHs 

CH3OHO CHsCHO 
NHa 

CHsCHO CHO 

in, 

a dimethylethylpyridine. Some piperidines are formed also in the 
reaction. The same principle underlies the formation of jS-picoline, 
contaminated with some of the a-isomer, by pyrolysis of a mixture of 
glycerine, ammonium phosphate, and phosphorus pentoxide.® The 
yield, however, is only 20 g. from 250 g. of glycerol. 

Similar condensations’' with saturfi»ted aldehydes occur catalytically 
»K6RNEI1, cited by Baeyer, Awn,, 156, 282 (1870). 

^ Baeyiab, Ber ., 2, 398 (1869); Awn., 166, 281, 294 (1870). 

* { a ) DC'rkofp, Ber ., 20, 444 (1887); (6) DOrkofp and Schlaugh, ibid.y 21, 832 
^1888); (c) DOrkofp and Gottsch, ibid,, 28, 686 (1890). 

^ ^ « Schwartz, iUd,, 24, 1676 (1891). 

’ (a) Chichibabin, J, Rubs, Phya, Cham, 80 c,, 87, 1229 (1906); Chem, Cent,, 1, 
1438, (1906); (6) Chichibabin, J, Rubs, Phya, Chem, Soc,, 47, 703 (1914); Ber,, 60, 
1873 (19?7); (c) Bull, aoc, chim, [6], 8 , 762 (1936). 
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over alumina and related oxides. Ammonia with acetaldehyde forms 

and jS-picoline; with propionaldehyde the 2-ethyl and 4-ethyl-3, 
^j|iimethylpyridine. Pyridine is formed from one part of formaldehyde, 
two of acetaldehyde, and one of ammonia. Two molecules of acetone 
with one of ammonia yields 2,4,6-trimethylpyridine. A mixture of 
benzaldehyde, acetaldehyde, and ammonia at 305 to 310® over alumina 
or kaolin similarly yield a- and 7 -phenylpyridine.® The reaction is 
general, and the pyridine ring usually forms from the a- or the a- and 
/3-carbon atoms of the aldehydes. 

The above methods might be considered as the action of ammonia on 
unsaturated aldehydes or on systems capable of forming these reagents. 
Such processes contrast with those in which ammonia reacts with mole¬ 
cules that have two carbonyl groups or a carbonyl and carboxyl group 
or other equivalent. For example, the method of Hantzsch^ is very 
specific. A 1,3-keto ester, such as ethyl acetoacctate is condensed with 
ammonia and aldehyde according to the scheme 


CH,C(0)C!H,COjEt 

NH, OHCR )im +3HjO 

OH.c;<o,cn.co.Et 

a This reaction, and many of the subsequent ones, can be regarded as proceeding by condensation 
of the active carbonyl group of one molecule with the active methylene group of another molecule to 
give a 1,5-diketone as the initial product. This intermediate then reacts with ammonia to give a ring 
in the same way that the 1,4-diketone.s give pyiroles. This type of condensation provides a contrast 
with that shown in the two previous illustrations in which the condensation begins with the reaction 
of ammonia with the aldehyde group. The position of the pyridine ring is turned end for end in these 
cases, partly to simplify the problem of remembering the two typos and the iiosition of the substituents, 
but more to conform with the conventional older of writing the formulas of the aliphatic reagents. 

The dihydropyridine product can be oxidized readily to the pyridine 
derivative by nitric acid. Aldehydes, keto esters, |3-diketones, or 
other like compounds may be used in this synthesis. The condensa¬ 
tion of acetylpyruvic^® acid ^vith ammonia is similar except that no 

CH3C(0)(^H2C(0)C02H CHsC^O C0,H 
CH,CO H,N N 

(!::h,C(0)C0,h ^co,h 

aldehyde is needed and the product is a pyridine compound, not a 
dihydro one. 

KnoevenageFs^^ reaction looks a little like Hantzsch^s carried out 

^Ohichibabin and Obochko, J. Russ. Phys. Chem. Soc.^ 62, 1201 (1930); C.4., 
26, 2725 (1931). 

•Hantzsch, Ann., 216, 1 (1882); Ber., 18, 1744 (1885); Enqlemann, Ann., 231, 
50 (1885); Claisen, Md., 297, 39 (1897). 

Mumm and Beroell, Ber., 46, 30^ (1912). 

“ Knoevbnagel, Ann., 281, 25 (1894). 
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stepwise. The carbon segments of the ring are first joined under the 
influence of piperidine or diethyl amine, and the nitrogen atom is then 
put in place by heating the dioxime rather than by condensing wj||^ 
ammonia. Ethyl benzoylacetate or desoxybenzoin may thus be con- 


i\n,C{0)Cll2C0M C6H6C(0)(;H(^02Kt ( 

OHCll A \’HR 

C,HtC(0)CHjCOsEt (’8ni,0(0)C'HC02Et C 
"RjNH. ‘H.NOH. hp8t 

donsod with aldehydes to give a wide variety of J ,5 diketones which can 
be converted to the pyridine derivative, but a methyl group in the sixth 
position to a carbonyl causes a keto cvclohexenc to form. 

Any 1,5-dicarbonyl system, which will or has formed a pyrone, 
changes to a pyridine compound when heated with ammonium hydroxide. 
In other words, methods for synthesis of pyrones become useful also for 
the preparation of pyridones, as illustrated by the change of chelidonic 
to chelidamic acid.'* Similarly, an anhydride (glutaconic acid), heah'd 


ygHs C02Kt 



« NH4OH. 


O O 



H 

Decarboxj-lation, rOClj. 



with ammonia, yields 2,6-dihydroxypyridine'* which is in equilibrium 
with the isomeric cyclic imide. The tme pyridine character of this 
compound is confirmed by (a) the dibenzoyl derivative obtained by a 


CH 

/ \ 

HoC C’H 

HOsi C’OjH 

Nil, 






O 


Schotten-Baumann reaction, (6) the deep reddish violet color observed 
with ferric chloride characteristic of phenols, (c) the blue fluorescent 
phthalein produced when fused with phthalic anhydride, a change typical 
of the behavior of a resorcinol, and (d) the azo dyestuffs formed with 
diazonium salts. The tautomeric imide state is indicated by formation 
of an isonitroso derivative (a monoxime). 

Jitnff Closure with Compounds that Contain Nitrogen. —Nitriles, amides, 
and amines, which have appropriately placed carbonyl groups and 
hydrogen atoms, can be used for synthesis of pyridine compounds. When 

“ Robinson and Thobnbt, J. Cheni. Soe., 2169 (1924). 

“ Thobpb, ibid., 87, 1669 (1905). 
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only one nitrogen atom is present in the molecule, the mode of combina¬ 
tion is easy to predict. For example, ethyl cyanoacetate condenses with 
et&yl acetoacetate: first under the influence of sodium to link the two 
c^fcons together (the very active methylene of the former at the active 
carbonyl of the latter), and then under the influence of aqueous acid to 
join the ring^^ at the nitrogen atom, presumably by way of hydrolysis of 


CCHaC^OaEt 

111 

N OCCRz 
EtOaCx'^Ha 

« Na. t HX + HaO. 


C- (X’0,Kt 

III II 

N ecu, 
EiOiC- lu2 


O UCO^Et 



the nitrile to the amide. Other keto esters and diketones can be used in 
place of ethyl acetoacetate with consequent increase in the variety of prod¬ 
ucts. Similarly, ethyl jS-aminocrotonate, made by saturating an 
ethereal solution of ethyl acetoacetate with ammonia,*^ condenses so 
readily with diketo esters that the two need only to be shaken together 
in the cold to prepare a pyridine compound after the following manner. 


CHC^OaEt CH« COaEt 


HaN C(0)C02Et 
ch.C(0)(*;hj 



OOsKt 


Since alkoyl pyruvic esters arc readily prepared from ethyl pyruvate and 
acid chlorides, the method is valuable for the preparation of 2-methyl- 
(5-alkyl (or aryl) pyridines.^® 

If two nitrogen atoms, such as in a cyano and amide or a cyano and 
amino group, are present together in the same molecule, the nitrile is 
less apt to provide the ring nitrogen than are the other two functions. 
For example, cyanoacetamide and 3-formyl-2-butanone (itself obtained 
by help of sodium from methyl ethyl ketone and ethyl formate) yield a 
cyanopyridone,^^ convertible in subsequent stages to 2,3-dimethyl- 


C(0)-C^H2C:N 

iIhj cho 


O HC’N 


ch,c(0)-(*;hch, , 

“ Piperidine. * Hot cone. HCl causes hydrolysis of the nitrile group and simultaneous dehydration: 
decarboxylation by heat at 325-335®. POCli, Pd + H. 



pyridine. Diketo and keto ester compounds can be used in this reaction. 

lioGERSON and Thorpe, ibid., 87, 1685 (1905). 

Collie, Ann,, 226, 301 (1884). 

Mumlm and HOneke, Ber., 60, 1568 (1917); Mumm and BOhme, Ibid., 54, 726 
(1921). 

Tracy and Elderpield, J. Org. Chem., 6, 63 (1941). 
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So also does the amino group take precedent over the nitrile in the use 
of the dinitrile. These reagents are really amino nitriles but are called 
dinitriles because they are condensation products of acetonitrile with 
itself or another nitrile under the influence of sodium. Two moleculesllf 

N N—Na NH2 

r!/’ + HCHjC'sN + Na -* rI'—R(' = f'H(’=-N 

a dinitrile, illustrated below by the simplest one, may condenser‘s with an 
aldehyde in a manner essentially identical with Hantzsch^s method. 

CHaC==CHCN cih HCN 

OIICR - ♦ \ HR + NH, + HjO 

ch.c’U;h('n rHTT'N 

If the aldehyde is replaced by a ketone such as acetone, the product 
is a dihydropyridine compoundr^* that can subsequently be oxidized by 
chromic acid in acetic acid solution to a pyridine derivative. 

Call.C-CHCN CoH^CN 

OC’(CH.), y ((-H.). (’H. 

In the absence of an aldehyde or ketone, a dinitrile can condense-® 
with itself in hot acetic acid. An amino nitrogen is again favored to 
become the hetero ring atom. Unlike ends join. 

CH8C6H4C=CHC^N CH8C«H4_ON 

Nils NH 2 ^ y(J 6 H 4 CHs 

N s CCH=CC6H4CH8 H 2 N ^ 

Preparation from Piperidines ,— Piperidine and partially reduced pyrid- 
ines can be converted readily to pyridine compounds by dehydrogenation 
with (a) zinc dust,^! preferably with the pyridine salt; (5) palladium on 
asbestos^^ at 270 to 280°; (c) platinum on asbestos®® at 320 to 330°; or (d) 
catalytic nickel at 250°.®^ Oxidizing agents such as bromine,®® nitroben- 

i®v. Meter, J. prakt. Chem. [2], 78, 497 (1908). 

I’v. Meter, ibid, [2], 92 , 174 (1915). 

Meter, Berger, Oehler, and Schlettbr, ihid.^ 90^ 29 (1914). 

Hofmann, Ber., 17 , 825 (1884); Ahrens, ibid,, 26 , 3035 (1893). 

** Finkblstein and Elderfield, J, Org, Chem,, 4 , 365 (1939). 

** Ehrenstein, Ber,, 64 , 1137 (1931). 

Sabatier and Mailhe, Compt. rend,, 144 , 786 (1907). 

Hofmann, Ber,, 16 , 588 (1883). 
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zene^® at 250 to 260®, concentrated sulfuric acid^^ at 300®, and silver 
acetate^* in 10 per cent acetic acid at 180® have also been successfully 
employed. 

From Condensed Ring Systems ,—Another method, used often to 
locate substituents on a quinoline, isoquinoline, or other condensed 
system, is to oxidize with potassium permanganate. The greater stability 
of the pyridine nucleus protects that portion of the compound while the 
aromatic ring is broken. 

KMn04 <"OOH 

Many di- and poly-carboxylic acids are obtained by this manner. 

Miscellaneous Syntheses .—Pyridine compounds can be prepared also 
by a number of miscellaneous but interesting methods. Among these 
are (a) the condensation of acetylene with hydrocyanic acid^^^ in a hot 
tube; (b) the passage of N-methyl or 2-methylpyrrole through a hot tube;®® 
(c) the conversion of amyl nitrate to pyridine®^ under the dehydrating 
action of phosphoric acid; {d) the ring enlargement to jS-chloropyridine®^ 

H 3 PO 4 1*"“ I 

CfiHuNOa-^ CfiHsN + 3H2O 

which occurs when pyrroles are treated with chloroform and alkali; (c) the 
dehydration of a mixture of acetamide and glycerol®® over phosphorus 
pentoxidc; (/) the reaction of glucose with ammonium sulfate, chloride, 
or oxalate at 155 to 165® to give 2-methyl-5-hydroxypyridine,®^ a change 
that probably occurs by way of 5-hydroxymethyfurfural. 

Chemical Reactions. —The reactions of pyridine can be considered 
as centered largely in the special properties conferred by the presence of 
nitrogen. This atom exerts its influence (a) as a positive pole in acid 
solutions to suppress substitution in the nucleus; (b) in an ammono alde¬ 
hyde, (C=N), system®® by which some characteristic addition reactions are 

*®Lellmann and Geller, ihid., 21, 1921 (1888). 

« Koenigs, ibid., 12, 2341 (1879). 

*«Tafel, iUd., 25, 1619 (1892). 

Ramsey, PM, Mag, [5], 2, 269 (1876); 4, 24 (1877); Meyer and Tanzen, Bcr., 
46, 3183 (1913). 

Pictet, iHd,, 38, 1946 (1905). 

Chapman and Smith, Ann. Suppl. Bd.y 6, 329 (1868). 

** Ciamician and Dennstedt, Rcr., 14, 1154 (1881); Gazz. chim. 11, 300 
(1881). 

Zanoni, Ber.f 15, 528 (1883); Hesekial, ibid,, 18, 910, 3091 (1885). 

M Aso, J. Agr, Chem, 80 c. Japan, 16, 249, 253 (1940); C.A„ 84, 6278, 6940 (1940). 

3® Decker and Kaufman, (a) J, praki. Chem., 84, 219 (1911); (b) Franklin, 

Am, Chem, Soe., 46, 2150 (1924); Strain, ibid., 49, 1558 (1927); 54, 1221 (1932). 
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favored; and (c) as a reactive ammonium salt from which numerous trans¬ 
formations are possible, some of which lead to ring opening. These 
properties are blended with those of an aromatic ring which cause the 
compound to exhibit the stability characteristics of a conjugated cyclic 
system. 

The Positive Pole and Substitution Reactions ,—The effect of a positive 
pole^® attached to an aromatic system is twofold: it retards the rate of 
substitution and directs an entering group to a meta posi tion. The nearer 
the pole to the ring, the more pronounced these effects. It is not surpris¬ 
ing, therefore, that a positive pole on a corner of the ring makes substitu¬ 
tion in pyridine extremely difficult. The fuming nitric and sulfuric 
acid mixture that successfully nitrates trimethylanilinium salts is without 
effect on pyridinium salts. Not until a solution of potassium nitrate in 
nitric acid is dropped into a solution of pyridine in 100 per cent sulfuric 
acid at 300® in the presence of iron as a catalyst can nitration®^ occur. 
Even then the yield is no better than 22 per cent. The directive influence 
is, of course, meta, i.e., to C3. So also does sulfonation®® need 40 hr. heat¬ 
ing with 100 per cent sulfuric acid at 300® or a day-long period at 320 to 
330® in order to obtain the 3-sulfonic acid. 

Since the common substitution reactions such as nitration, sulfonation, 
and halogenation occur in acid media, it is not surprising that the methods 
which are successful with an aromatic nucleus fail in the case of an unsub¬ 
stituted pyridine. Even such a vigorous reagent as the Friedel-Crafts 
fails to attach a benzoyl group to pyridine, although there is no resistance 
to use of a pyridyl compound, as pictured below, with benzene, toluene, 
naphthalene, or other aromatic nucleus.®® The reaction of mercuric 
chloride is likewise difficult. It requires a temperature of 170® and 



O + CeHe + AICI 3 


C(0)CeH6 


produces a jS-mcrcuric chloride derivative, though this reagent causes 
some orthomercuration in nitrobenzene.*® Even in the gaseous phase 
at 115 to 120®, a mixture of pyridine,*^ nitric acid, and carbon dioxide 
passed together through a tube with or without ultraviolet illumination 

Inoold, Ann. Repts.j 28, 129 (1926). 

” FiuEt>L, Ber,, 46, 428 (1912); Monatsh.^ 34, 759 (1913); Kibpal and Eeiter, 
Ber,, 68, 699 (1925). 

** Fischer, ibid., 16, 62 (1882). 

” Jephcott, J, Am. Chem. Soc., 60, 1189 (1928). 

^®Kobe and Doumani, Ind, Eng, Chem., 33, 170 (1941). 

ScttORiam and Toptschiew, Ber., 69, 1874 (1936). 
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yields 7 to 10 per cent only of a 3-nitro product. At 300 to 330®, the 
mixture explodes. 

Pyridine can, however, be brominated^* or chlorinated directly by a 
vapor-phase process over charcoal or pumice at 300°. The product is a 
mixture of 3-bromo- or 3,5-dibromo-pyridine in a combined yield of 50 
per cent. At this relatively low temperature, catalysts have an effect on 
the position of the entering group. Ferrous bromide produces the 3- and 
3,5-products, cuprous bromide the 2-and 2,6-compounds. At 500°, these 
metal salts are valueless, either because they are volatilized, or become 



Fig. 2.—Products of vapor-phase brornination of pyridine. Doited lines indicate sub¬ 
stitution at 3- or S-positions; solid lines indicate substitution at 2-, 4-, oi 6-positioiis. 


coated with carbonaceous product. Chlorination proceeds in a similar 
w^ay. 

If substitution could be carried out in an alkaline rather than an acid 
medium, the retarding effects of a positive pole might be avoided, or 
reduced, and the customary reaction of a conjugated six-membered ring 
would be expected. It is not surprising, therefore, that aryl groups 
can be introduced readily into pyridine by means of the diazonium reac¬ 
tion.^® The process is best carried out by slow addition of a solution of 
phenydiazonium salt to an aqueous alkaline solution of pyridine at 


RNjOH + -* a,p, or r-RitH.A + Ns + H,0 

DEN Hertog and Wibant, Rec, trav. chim,, 61, 382, 940 (1932) ; Wibaut and 
Bickel, ibid ,, 58, 994 (1939). 

Haworth, Heilbron, and Hey, J, Chem, Soc.f 349, 358 (1940) ; Butterworth, 
Heilbron, and Hey, ibid ., 555 (1940). 
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temperatures that vary from 20 to 70°, depending on the amine used. 
This type of reaction is successful with a very large number of sub¬ 
stituted benzene diazonium salts, and yields vary from 20 to 80 per cent. 
Substitution occurs in all positions, but predominantly in the alpha. The 
somewhat random position taken by the entering group suggests that 
the agent may be a free radical or merely that the strong meta-directing 
influence has been largely removed. No reaction occurs when a metho- 
halide or sulfate of pyridine is used; and this fact emphasizes again the 
repression which a positive pole exerts on substitution in a ring that has 
resonance. 

The Ammono-aldehyde System. —Chichibabin,^^ in 1914, discovered 
that the reaction of sodium amide with pyridine in toluene at 120 to 126° 
for several hours gives aminopyridine. The process goes in steps, separ¬ 
able at lower temperature; the first is addition across the —C—N— bond, 
and the second is elimination of sodium hydride. With two equivalents 
of sodamide, the 2,6-diamino compound is formed. The reaction is 


i 




IH 


/H 




N 

Na 


\ / 
N 


NII2 


«+NaNH2. fc-NaH. 


general. Sodium amides of mono alkyl or aryl amines may be used. 
Alpha substitution occurs almost to the exclusion of the gamma product 
as long as there is an open position. When forced into the 4-position as 
in the case of a,a'-lutidine,^® the reaction is slow and the yield is small. 

This reaction is important, because the amino group renders the pyri¬ 
dine ring open to all the usual substitution reactions found in benzene 
chemistry. Nitration,^® for example, proceeds stepwise: first the forma¬ 
tion of a nitroamine in the mixture of nitric and sulfuric acid at low tem¬ 
peratures, and second, the rearrangement at about 40° in sulfuric acid, 
chiefly to the 5- and partially to the 3-position. The pioeess, therefore, 


NHj Hs,n^.NHN02 
* HNOt. ^ Rearrangement. 


NH 2 


proceeds by an indirect method, and the entering group must be para 

** (a) Chichibabin and Zeide, J. Rtisa. Phys. Chem. Soc.j 46, 1216 (1914); C.A., 
9, 1901 (1915); (h) Chichibabin, Bull. aoc. ehim. [5], 8^ 762 (1936); (c) Wibaut and 
Dinqemanse, Ree. trav. ehim.j 42, 240 (1923). 

Chichibabin, /. Rubs. Fhys. Chem. Soc.j 47, 836 (1915); C.A., 9, 2896 (1915). 
Chichibabin, Bull. soc. chim. [5], 8, 762 (1936) ; Chichibabin and Razobenov, 
J. Rubs. Phys. Chem. Soc., 47, 1286 (1915); C.A., 9, 3057 (1915); CmcHXBABiN and 
Menschikow, Ber., 58, 406 (1925). 
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or ortho to the amino group. Similarly, bromine or iodine can be intro¬ 
duced into the 6-position by addition of these halogens to the a-amino 
derivative. SubKsequently, a nitro group can be made to enter the 
3-position. These reactions illustrate the variety of substituted pyridines 
made available by Chichibabin^s amination process. Alkyllithium^^ 
compounds also add to a C==N group and form an a-alkyl-N-lithio-t,2- 
dihydropyridine; and again the tendency of the system to revert to the 
conjugated ring causes lithium hydride to split from the molecule at 
higher temperature, thereby forming a 2-alkyl-pyridme. 



Metallic sodium reacts with pyridine as if the latter were an ammono- 
aldehyde. Sodium attaches itself to the nitrogen atom. Two carbon 
atoms then join as in a pinacol formation to yield a tetrahydrodipyridyl 
product. Oxidation with moist air at room temperature or dry air at 90® 



completes the formation of 7,7'-dipyridyl/® The method is preparative. 

The reaction can produce more than one dipyridyl. If sodium is 
added to 1 to 5 parts of pyridine and the mixture allowed to stand several 
days before decompovsition with moist air, the product is mostly 7,7'- 
dipyridyl; but if the mixture is heated to 114 to 115° for 10 to 16 
hr. before decomposition, a variety of products consisting of 
7,7'-, a,i3'-, and i3,7'-dipyridyl is produced.'*® This method is the main 
one for obtaining a,i8'-dipyridyl. 

The ease of reduction of pyridine systems is undoubtedly caused by 
the presence of the ammono-aldehyde system and the double bonds con¬ 
jugated with it. The common reagents are sodium and absolute alcohoP® 
and hydrogen over nickeP* or platinum. When acetic anhydride and 
zinc®® are used, the product is N,N'-diacetyltetrahydro-7,7'-dipyridyl 

Ziegler and Zeiseb, Ann,, 486, 174 (1921). 

4*Emmert, Ber., 2598 (1914); 49, 1060 (1916); 60, 31 (1917); Emmert and 
Bochert, ihid,, 64, 204 (1921), 

« Smith, J. Am. Chem. Soc., 46, 414 (1924). 

«oLadenburg, Ber.j 17, 888 (1884); Ann., 247, 51 (1888); Marvel and Lazier, 
Org. Syntheses, Coll, Vol. I, 2d ed., 99. 

Adkins, Kuick, Farlow, and Wojcik, J, Am. Chem. Soc., 66, 2425 (1934); 
Burrows and King, Jr., ibid., 67, 1789 (1935). 

Zelinski and Borisov, Ber., 67, 150 (1924); Hamilton and Adams, J, Am. 
Chem. Soc., 60, 2260 (1928). 

Dimroth and Hbbne, Ber., 64, 2934 (1921). 
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Cm.p. 124 to 125®). The reaction provides another illustration of the 
principle that a radical which becomes attached to nitrogen may set free 
a valence in the gamma-position.*^^ Moist air oxidizes the compound to 
7,7'-dipyridyl. 

The ammono-^ldehyde group will also (jondensc with 2 molecules of 
ethyl acetylenedicarboxylatc to yield a ethyl qiiiiiolizine-l,2,3,4-tetra- 
carboxylate.®*^ 

COM 

I H CihKt 

^('c'OsKt 

I COoEt 

('OaEt 

The influence of the CN group extends also to the behavior of the 
groups attached to the ring, as will be made evident in later portions of 
this chapter. 

Reactions Dependent on Salt Formation .—Pyridine compounds form 
salts readily wth hydrochloric, hydrobromic, nitric, sulfuric, and other 
acids. , Picric acid yields salts that are valuable for identification. The 
mercuric chloride, platinic chloride, and gold chloride double salts are 
sometimes useful for analysis as is also the methiodide. Phenacyl 
chloride®**® is of limited use in this respect. Many salts arc helpful in 
separating mixtures. For example, /3-picoline, 7-picoline, and 2,6-luti- 
dine are present in the '*i8-picolinc” fraction (b.p. 140 to 145°) of coal-tar 
bases. The components of this mixture are separated®**® by crystalliza¬ 
tion of the dimercuric chlorides, zinc chlorides, hydrobromides, or better, 
the oxalates from alchohol. 

Pyridine precipitates phenols®^ from aqueous solutions. The more 
insoluble the substituted phenols, the greater the tendency for the pre¬ 
cipitation. The solubility of the phenol decreases as the substituent 
in the phenol is OH, H, CH3O, CHb, COOCH3, Cl, CO2C2H5, or NO2; the 
precipitating power of the pyridine compound increases in the order, pyri¬ 
dine, a- and i3-picoline, and collidine. Ethyl nicotinate is more effective 
than ethyl picolinate. 

Tertiary amines commonly form betaines (inner salts) with chloro- 
acetic acid; and accordingly, pyridine and chloroacetic acid, warmed 

Dimroth and Fristrr, ibid., 65, 1223 (1922). 

** Diels, Alder et al., Ann., 610, 87 (1934). 

(a) Marvel, Scott, and Amsttttz, /. Am. Chem. 80 c., 61, 3638 (1929); (6) 
Lidstone, J. Chem. Soc., 241 (1940). 

« Labes, Arch. expU. Path. PharmakoL, 190, 421 (1938); C.A., 88, 7794 (1939); 
Berostebmann, NOckbr, and Kraxtskoft, ibid,, 191, 55 (1938); C.A., 84, 4069 
(1940). 
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together on a water bath, yield a brown sirup from which crystals of 
pyridine betaine hydrochloride separate.®* The crystals are very soluble 
in water, difficultly soluble in cold alcohol, but readily soluble in hot alco¬ 
hol, and insoluble in ether. When heated to 190°, they melt and rapidly 
evolve carbon dioxide and methyl chloride. Pyridine betaine also forms 



^-CHaCOa-HCl 



+ OO 2 + CHaCl 


salts with hydrobromic and sulfuric acids. The ethyl ester®® is prepared 
from pyridine and ethyl chloroacetate. It forms salts such as the platinic 
chloride, (C,HnN02-HCl)PtCl4; the gold double salt, (C9HnN02 HCl) 
AuClg, (m.p. 117°); and the mercuric chloride salt, (C9HiiN02-HCl)HgCl2, 
(m.p. 124 to 125°). When treated with moist silver oxide, the inner salt 
is formed. 


\imiCO 2 Et \CH2C02“ 

N+ + AgOH N+ + AgCl 4- CaHaOH 

/ Cl- / 


Trichloroacetic acid®® forms a salt with pyridine (m.p. 112°), but no 
betaine. When the salt is treated with mercuric chloride, the trichloro¬ 
acetic acid is displaced and pyridine mercuric chloride 2C6HBN-3HgCl2 
is precipitated. 

An addition compound between pyridine and the Grignard reagent 
exists. Water readily gives back the pyridine. Absence of color with 
Michler’s ketone®^ shows that no uncombined Grignard reagent is 
present. When heated to 150 to 100° in an autoclave, a 2-alkyl or aryl 
product, depending on the original Grignard reagent, is formed.®® 


in. 

RMgX 


\ ^ 
N 




When pyridine is oxidized with a benzene solution of benzoperacid 
for about 5 hr., and picric acid is then added to the mixture, a precipitate 
of the picrate of the N-oxide®® is obtained in almost quantitative yield. 
The free oxide (m.p. 66 to 68°) can be obtained from the chlorhydrate 
(picrate with HCl) and ammonia in a freezing mixture, after evaporation 
of the ethereal extract. The compound is in some respects analogous to 


V. Gertchten, Bcr., 16, 1251 (1882). 

Kruger, J. prakt, Chem, [2], 48, 271 (1891). 

Reitzenstbin, Awn., 326, 306 (1903). 

Gilman, Sweeney, and Hech, J. Am. Chem, <Soc., 68, 1604 (1930). 
®2 Bergstrom and McAllister, ibid., 62, 2845 (1930). 

®® Meibenheimer, Ber., 69, 1848 (1926). 
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the aldonitrones/^ i.e,y to the N-ethens of the oximes, which c«an also be 
considered as the oxides of a Schiff base.^ Table I emphasizes the analogy 
by a comparison of some addition rea(^tions.®^ 

Table I.— C)omx*abison of Reactions of Some Reagents v/itii Aldonitbones 
AND WITH Pyridine N-Oxides 



R' 

R CVH 


Reagent 

\ / 

N 

II 


i 

i 



0 - 





\v- 

/ 

SO2CI2. 


N 


\ 



Cl 

1 


R' 

\ /■ 

CeHfiMgBr. 

RN— 

N 

OHH 

<';CN‘ 



R 

1 

KCN. 

RN^==-CC^N 



1 

(’Cl 



\ / 

PCU. 


N 


« First stage of reaction. This product is readily hydrolyzed to the ainide. 

* The 7 -isomer is also formed. 

« Reaction inferred by analogy with the behavior of quinoline N-oxidc. 

The reaction with phosphorus pentachloride is pictured'^* as occurring in 
the following steps: 


H Cl (U 



^ Cl Cl Cl H+ (^1- 

The term '^nitronesrefers to the class of substances that have the system 

R I 

> C=N —► O. Pfeiffer [Ann., 411, 72 (1916)] considered them as having an =N=0 
system, and therefore called them ‘^nitrones analogous to ketones.^' The similarity 
suggested by the name is not exact because the C=N =? O acts as a long carbonyl 
group [Smith, Chem. Rev., 23, 222 (1938)] rather than as an N—0 system. One of 
+ - - ++ - 
the reactive forms is RCH—N(R') -♦O another is RCH—N(R0 —►0. 

«*CoLONNA, Bull, set. facuHa chim. ind, Bologna^ No. 4, 123 (1940); C.A., 84, 
7290 (1940). 
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Alkylation®® of pyridine is effected by heating the alkyl halide salt to 
290 to 300° (the Ladenburg reaction). The alkyl group rearranges to 
the 2- or 4-position. N-Propyl changes partly to isopropyl during this 
change so that the process does not always give a pure product. If the 
temperature is too high and the pyridine ring is split, carbon is formed 
and some alkylbenzene and ammonium halide is produced. 

The alkyl pyridinium salt behaves in an interesting maimer ^vith 
alkali. The product appears to be both a quaternary base and a 
carbinol. The solubility®^ with water in all proportions and the conduc¬ 
tivity®® measurements, particularly when first formed, suggest the 
ammonium form; but the oxidation with potassium ferricyanide produces 
a ketone as if the change were that of a carbinol to a ketone.®^ 


“ NaOH. * Rearrangement. 


a b 

ISV - N 

CHa OH (^Hs 

“ Oxidation by KaFeCNe. 


I H 

f'OH 


V 


I 

VO 


An extremely interesting series of transformations, all in accordance 
with the behavior of salts, centers around N-pyridylpyridinium chloride.^® 
When this compound is heated at 150 to 200° with ammonia, 7-amino- 
pyridine is formed. The reactions, from pyridine as the starting point, 
are pictured below: 



H ,C1- 


« SOCh for 3 days at room temperature. This reaction probably proceeds through the intermediate 
formation of 4-nC5H4N, which forms a salt with more pyridine. ^ NH4OH at 150 to 200®. This 
reaction probably proceeds by way of the intermediate carbinol, followed by hydrolysis of the amino 
alcohol. 


The pyridinium salt is changed by hydroxyl ion to the pyridinium 
hydroxide. The tautomeric form of this compound no longer 
has a purely aromatic character but is a cyclic unsaturated alkanol 

••Ladenburo, Ber., 16, 1410, 2059 (1883); SS, 42 (1899); Ladenbceo and 
Schrader, Ann., 247, 22 (1888). 

” Decker and Kaufmann, /. prakL Chem, [2], 84, 219 (1911); Decker, ibid, [2], 
47, 28 (1893). 

Hantzsch and Kalb, Ber., 32, 3109 (1889). 

•» Prill and McElvain, Org. Syntheses, Coll. Vol. II, 419 (1943). 

Koenig and Greiner, ihid., 64, 1049 (1931), 
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amine. Heat and hydrolysis open the ring, possibly by way of a Schiff 
base, NC 6 H 4 *N=CHCH==CHCH 2 CH 0 , and form glutaconic aldehyde 
and 7 -aminopyridine. If water is used in place of ammonium hydroxide, 
the amino group is removed in the process and 7 -hydroxypyridine is 
formed. When the reaction is carried out with potassium phenoxide, the 
product is 7 -phenoxypyridine. If heated on the water bath with 
aniline, l^he solution becomes a dark red color, and glutaconic dianil 
precipitates after acidification. Crystals of 4-(phenylamino)-pyridino 
are recovered from the residue after the excess aniline is removed by 
steam distillation. 

By a similar reaction, 2-chloropyridine is converted to 2 -amino- 
pyridine. This reaction was originally carried out with the expectation 
of effecting a Ladenburg rearrangement to a dipyridyl. The behavior, 
however, is that of ring degradation. 

Ring Opening. —All methods for cleaving the ring focus on the nitro¬ 
gen atom. Zincke^s^^ process, for example, is identical in principle with 
the synthesis of 7 - and a-aminopyridine mentioned in the previous 
section. 2,4-Dinitrochlorobenzene is warmed on a water bath with pyri¬ 
dine. The pyridinium salt is then treated with sodium hydroxide which 
causes precipitation of a thick, almost black, precipitate. One gram of 
the alkali product is then heated with 4 cc. of glacial acetic acid and 4 cc. 
of concentrated hydrochloric acid. Addition of water precipitates the 
yellow dinitroaniline. The glutaconic aldehyde is isolated from the 
mother liquor by addition of aniline and precipitation of the dianilide. 



« C6H|(N02)2C1. 


CH 

/ \ 

H2C CH 

OH(^ Hj (^HO 
N 

C,H,(N0,)2 

‘ NaOH, hot HCl-HOAc. ' C.H.NH 1 . 



,Ni^ 


ci- 


C,fe,(NOi) 


CII^NC,Ht 

(!hnho,h, 


The colored product, obtained by the reaction of pyridine with cyano¬ 
gen bromide,’'® followed by reaction with an aromatic amine, is produced 
by a parallel process. The red to blue colored product is the same 


CH 



ONE? 



sd H. in 

N 11 

Oai.NH CN NC.Hs 


and BiE^PPEBsauBG, Monaish.^ 50, 45S (1;928). 

ZiNCKE, Heuser, and MOller, Ann., 8*8, 996 (1904); Zincke and Worker, 
ibid., 3S8, 107 (1905); Fischer and Hamer, J. Cftem. Soc., 139 (1933)t. 

KOma, praH. Chem. [2], 69, 105 (19Q4)^ 
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conjugated system of double bonds as is obtained by reaction with 
dinitrochlorobenzcne. 

Pyridone has already been described as an unsaturated cyclic amide. 
Jt is therefore not surprising that the methosulfate of 2-(m-nitrophenyl)- 
pyridine^^ is oxidized by alkaline permanganate to m-nitrobenzoic acid. 
The steps are indicated below. 



cm,HO,(nh 

« NaOH + KMn 04 . 



—> WI-N02C6H4C02II 


In general, avAd permanganate oxidizes the aromatic ring of a phenyl- 
pyridine system, neutral or alkaline permanganate oxidizes the pyridine 
part.^® These differences in stability accord with the view that in acid 
solution the pyridine ring benefits from the protection given by a positive 
pole while in alkaline medium it has more susceptibility because of the 
presence of an aldehyde-like function. 

Vigorous reduction opens the ring. Hydriodic acid^® at 300® in a 
sealed tube splits pyridine into pentane and ammonia. Hydrogen and 
catalytic ni(!kel at 180® yield amylaminc,’^ and at 220® they yield pentane 
and ammonia. Vigorous treatment^^ at 50 to 100 atm. of hydrogen and 
500® in an autoclave (Beiginization) breaks the ring into fragments, which 
vary from methane to pentane, unsaturated hydrocarbons, many amines 
and nitriles, in addition to some piperidine and dipyridyl. 

Ring opening can also be effected by the conventional series of 
reactions which consists of reduction of the ring to a piperidine, formation 
of the N-benzoyl derivative,^® and treatment w’ith phosphorus penta- 
bromide or chloride. This reaction is the same as that already described 
for ring opening of pyrroles and indole^?. It is the best method for prep¬ 
aration of pentamethylene dibromide. 

The process of exhaustive methylation will also open the ring. 

Aromatic Properties ,—So much does the chemistry of nitrogen domi¬ 
nate the reactions of pyridine that the purely aromatic character of this 
compound may easily be overlooked. Yet the resonance,®® measured by 
the difference in heats of formation between the observed amount and 


FoBsrTH and Tyman, J. Chem, Soc., 2912 (1926). 

Chichibabin, Ber.y 37, 1373 (1904). 

Hofmann, ibid.,, 16, 590 (1880). 

Sabatier and Senderens, Compt, rend,, 144, 784 (1907). 

^8 Thate, Rec, irav, chim,, 60, 77 (1931). Cf. Sawkov and Mikhailov, J, Russ, 
Phys, Chem, Soc,, 68, 527 (1927); C.A., 21, 3364 (1927). 

Braun, Org. Syntheses, Coll, Vol. I, 2d ed., 428 (1941). 

8® Paulino and Sherman, J. Chem. Phys., 1, 606 (1933); Pauling, Nature of the 
(,'hemical Bond,” p. 336, Cornell University Press, Ithacai N. Y., 1940. 
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that calculated from the values for separated double-bond systems, shows 
(Table II) that pyridine has more resonance even than benzene. 

Tablk II. —Hesonancjc Energy of Various JMonoc yclic Compounds 

K^.-cal. 


Furan. 23 

Thiophene. 31 

Pyrrole. 31 

Benzene. 39 

Pyridine. 43 


This high degree of conjugation has unquestionably a great influence 
on the reactions'of pyridine and of pyridine derivatives. It is responsible 
also for the fact that all the reactions that might be predicted of an ammono 
aldehyde arc not found. 


PYRIDINE COMPOUNDS 

Methods for the preparation of many pyridine compounds have been 
discussed already and need not be restated in detail here. Moreover, the 
properties of the compounds and of substituents in the ring are dominated 
by the position of the groups relative to the C—N bond in the ring. The 
influence of such a system in the ring has already been discussed at 
length. The examples given in this section extend these observations. 

Pyridine (m.p. —42°,^^ b.p. 115.3^) is a liquid with a penetrating and 
unpleasant odor. Its density is .97721 f. With water, it forms a mix¬ 
ture of maximum density (1.00347) at 18 mole per cent. The large 
amount of contraction and evolution of heat when mixed with water 
suggests that a hydrate of pyridine forms. The liquid is dried with solid 
potassium hydroxide,barium oxide, calcium sulfate^® (Drierite), or 
phosphorus pentoxide and is extremely hygroscopic. It forms constant 
boiling mixtures with 3 moles of water^® (b.p. 92 to 93®), with formic acid, 
and with acetic acid.^'^ 

Pyridine is extensively used as a catalyst or as a solvent to promote 
organic reactions. Eight drops of pyridine with 20 g. of benzaldehyde 
changes the yield of cinnamic acid in the Perkin condensation^® from 54 
and 70 per cent to 86 per cent and produces a better crude product. This 
catalytic action is found also with other bases such as trimethyl amine, 
benzylpiperidine, and quinoline. Four cubic centimeters of pyridine per 

Dunstan and Thole, J. Chem. Soc.j 9$, 561 (1908) ; Hartley, Thomas, and 
Applebey, ibid., 93, 539 (1908). 

Hammond and Withrow, Ind. Eng, Chem,,, 26, 653, 1112 (1933). 

Goldschmidt and Constan, Ber,, 16, 2976 (1883); Baud, Bull. soc. ehim, [4], 6, 
1022 (1909). 

** Gardner, Ber., 28, 1587 (1890). 

®®Bacharach and Brogan, J, Am, Chem, Soc.f 60, 3333 (1928); Kalnin, flelv. 
Chin, Ada, 11, 979 (1928). 
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mole of oj-naphthyl amine changes the methylation by methyl sulfate 
from a 51 to a ()0 per cent yield.**® Mutarotation of berylliumbenzoyl 
camphor is facilitated by the presence of pyridine. The combination 
of sulfur dioxide with chlorine to give sulfuryl chloride is catalyzed by 
pyridine**** as well as by a number of other compounds that possess 
residual affinity. 

As a solvent, pyridine is particularly efficacious in esterifications in 
which hydrogen chloride is split from the reagents, such as in the acyla¬ 
tion or benzoylation**‘‘* of sugars, the acylation of tertiary alcohols, the 
acylation with acetic anhydride of primary and secondary alcohols 
(tertiary alcohols are scarcely affected in this case) present in essential 
oils,**^ or the formation of olefins by splitting hydrogen halide from the 
molecule. Simultaneous decarboxylation and dehalogenation occur in 
the preparation of bromoolefins from a,i3-dibromo acids**where the 
effect of pyridine is comparable to that of sodium carbonate. It is a 
good solvent for the copper sulfate oxidation of benzoin to benzil, because 
it prevents precipitation of cuprous oxide, is not so volatile as the ammo¬ 
nia in Fehling’s solution, and is a partial solvent for benzoin.**’^ ‘ The 
bromine addition compound with pyridine is a good agent for mild 
bromination. 

Pyridine is noted for the large number of complexes it forms with 
metallic salts, some of which are valuable as qualitative tests. For 
example, cupric thiocyanate is precipitated from aqueous solution by 
the addition of pyridine. The precipitate Cu(CNS) 2 * 2 C 6 H 6 N makes 
an emerald-green solution in chloroform. The test is suitable for detec¬ 
tion**- of 1 part of copper in 800,000, 1 of pyridine in 2,000, and 1 of thio¬ 
cyanate in 50,000. By a similar process, copper cyanate**® yields a 
precipitate Cu(NCO) 2 * 2 C 6 H 6 N that makes a sapphire or azure-blue 
solution in chloroform. One part of cyanate in 20,000 parts of solution 
can be detected by this method. 

Nickel, cobalt, cadmium, zinc, and silver,®^ in addition to copper, 
form pyridine cyanates that are soluble in chloroform. Measurements of 

Gebmath, J. Am. Chem. Soc., 61, 1555 (1929). 

Hughes, Nature, 129, 316 (1932); Lowry and Traill, Proc. Roy. Soc. {London), 
A, 182, 398 (1931). 

Durrans, J. Soc. Chem. Ind., 46, 347 T (1926). 

Deulofeu, Cattaneo, and Mendivetgua, J. Chem. Soc., 147 (1934). 

Dalaby and Sabetay, Bull. aoc. chim. [5], 2, 1716 (1935); cf. Smith and Bryant, 
/. Am. Chem. Soc., 67, 61 (1935). 

(a) Farrell and Bachman, ibid., 67, 1281 (1935); (5) Krause, Ber., 66, 
1801 (1923). 

Spacu, Bui soc. sHinte Cluj, 1, 284 (1922); C.A., 17, 1772 (1923). 

w Werner, /. Chem. Soc., 123, 2577 (1925). 

Davis and Logan, J. Am. Chem. Soc., 60, 2493 (1928); 66, 2153 (1934); Davis 
and Ou, ibid., 66, 1061 (1934). 
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the dissociation pressure and of the volume change during formation, 
show that the cupric, cobaltous, and nickelous hexapyridine (iyanates 
have lower dissociation pressures and greater shrinkage (by about 1.74 
times) than do the corresponding tetrapyridino thiocyanate salts. Both 
facts indicate greater chemical affinity in the cyanate compounds. 
Shrinkage is greatest in the case of nickelous compounds and decreasingly 
less for cobaltous and cupric salts. 

Complexes with cobalt, nickel, and other metal salts of organic acids 
such as acetic, mono-, di-, and tri-chloroacetic, cyanoacetic and thio- 
cyanoacetic acids®® and with fatty acids®® (acetic to valeric) have also 
betm observed. Complex compounds®^ consisting of osmium tetroxide, 
olefins, and pyridine are beautiful, crystalline, and stable. 


> 

> 


Py 

c—o ■ o 

0-o/i \ 

Py 


Homologues of Pyridine ,—and 7 -pi colines are obtained largely 
from coal tar, but may be found also in some petroleum. The chemical 
properties vary widely. The a- and 7 -isomers, which have the methyl 
group adjacent to the C~N function, condense readily with benzalde- 
hyde® under the influence of zinc chloride at 225°. Chloral,®^ so con¬ 
densed with a- or 7 -picoline, becomes an intermediate for the preparation 
of acids. /?-Picoline is unreactive under such conditions and can thus be 


C6H4N CH3 A C«H 4 N CH 2 CH(OH)rCl 8 C6H4N CH2CH2OO2H 

" CCI3CHO. Dehydration, hydrogenation, Iiydrolysis. 

freed from traces of the other isomers. 

a-Picoline is very readily chlorinated. /3-Picoline, dissolved in 
hydrochloric acid, must be heated in a sealed tube with bromine at 150° 
to be converted to /S-picolyl bromide, a lachrymator.®® 

The hydrogen atom in a-picoline is replaceable by the lithium^^ in 
butyllithium and the resulting picolyllithium can react with formalde- 
hyde ®2 or benzaldehyde^®® to give 2 ( 2 -hydroxyethyl)-pyridine or 
phenylpicolylcarbinol respectively. By contrast, the corresponding ben- 

Rkitzenbtein, Z. anorg, Chem.j 82, 298 (1902). 

Davis and Logan, J, Am. Chem. Soc.j 62, 1276 (1940). 

Cbiegeb, Z. angew. Chem,, 61, 519 (1938). 

(a) Habe and Kindleb, Ber., 56, 532 (1922); (6) Alberts and Bachman, J. 
Am, Chem, Soc,, 67, 1284 (1935). 

Kahn and Richter, ibid.^ 67, 1927 (1935). 

'®® Bebgmann and Rosenthal, J. prakt. Chem. [2], 136, 277 (1932). 
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zyllithium^"^ yields o-tolylcarbinol, as if the lithium were attached to 
the ring instead of the side chain. 


\ \ 

(X^HaLi „ CJCH 2 CH 2 OH 


N 


’ H 2 C’ 0 . 


/ 


N 


\ 

CCHaLi „ 

/ 


\ 

c;c;h. 


CC'HjOH 

/ 


a-Picolyllithiurn condenses also with benzophenono,^®^ lithium 

hydroxide is eliminated. The final product is an olefin. 


\ \ \ \ 

CCHaLi « (X^H=C((:6H5)2 (X^^HaNa CClIaCTTaCMIs 


II - II ; II - II 

N N N N 

/ / / / 

«* (CeHOiCO. CeHsCHjC’l. 


a-Picoline is similarly metalated by sodamide and the product then 
reacts Avith benzyP®^ and alkyl halides^®®*" to effect chain lengthening. 
If a ketone is used in place of the halide, the product is a tertiary alcohol. 
An ester leads to a ketone. This reaction of a-picolin mth sodamide can 
be regarded as typical of an ammono ketone/®^ and not unlike that of 
methyl ketones such as acetophenone, which are metalated by sodamide 
and them react with alkyl halides as if the metal were attached to carbon. 

«-Picoline might be expected to exist in a tautomeric imine form. 
The formation of an indolizine'^'^^ is conveniently interpreted on this basis. 



Infrared absorption studies, however, do not encourage the idea that 
iminization is appreciable. 

Pyridylalkenes and -alkyncs ,—Pyridine compounds with unsaturation 
in the side chain are prepared by condensing aldehydes with 2- or 4- 
methyl pyridine. Isoallylpyridine^®® (b.p. 290®) is made from paralde¬ 
hyde and a-picoline at 250®, and 7 -styrylpyridine (stilbazole) (m.p. 

Gilman and Breueb, J. Am. Chem. Soc.y 66, 1127 (1934). 

’02 Ziegler and Zeiser, Ber., 63, 1847 (1931). 

(a) Chichibabin, German patent 676,114, May 26 (1939); C.A., 33, 6345 
(1939); German patent 695,640; (7.A., 36, 5647 j(1941); (b) Chichibabin, Bull. soc. 
chim. [5], 6, 429, 436 (1938). 

’0^ Haller, ibid. [4], 31, 1073 (1922); cf. Bergstrom and Fbrneliits, Chem. Rev.y 
20, 413 (1937). 

Cartwright and Errera, Conipt. rend.j 200, 914 (1935). 

Ladenburg, ihid.j 39, 2486 (1906); Ann., 247, 26 (1888). 

Friedlander, Bfr., 38, 159 (1905). 
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Table III. —Physical Constants of Some Alkylpyridines 


Substituent in pyridine 

B.p., °C. 

-1 

Picrate, 
m.p., ®C. 

Ref. 

None. 

115.3 

165-166 

6«.108a 

Picolines 




a-Methyl. 

128-^129 

165.5 

56,l08a.& 

jS-Methyl. 

144.0, 143.8 

149-150° 

60,108a 

7-Methyl. 

144.6, 145.3 

167 

66,1088 

Lutidines 




2,3-Dimethvl-. 

162-164 

187-188 

22 

2,4-Dimethyl-. 

157.1,158 

182.5-183 

108a,&,« 

2,5-Dimethyl-. 

157 

168.5-169.5 

1086 

2,6-Dimethyl. 

144.4 

163 

66,108a 




1086 

3,4-Dimethyl-. 

163.5-164.5 

163 

108d 

3,5-Dimcthyl. 

171.6 

245 

1086 

2-Ethyl. 

148.7 


108< 

3-Ethyl. 

165-165.3 

128-130 

108e 

4-Ethyl. 

164-165 

163 

108/ 

Collidines 




4-Methyl-2-ethyl". 

178.7 

115-136 

lOio 

4-Methyl-3-ethyP. 

195-196 

148-150 

108b 

2,4,6-TrimethyP. 

170.3 

155.5-156 

108c 

2-Methyl-4-ethyl. 

177-179 

141-142 

1080 

2-Methyl-5-ethyH. 

173-174 

166 

108t 

2-Methyl-6-ethyl. 

160 

127-127.5 

1080 

CK-Propyl*. 

1 166-168 


26,60 

* ^^MrJ * .. 

a-Tsopropyl. 

1 158-159 

116 

1 

2,3,4-Trimothyl. 

183 

179 

! 1080 

2,3,6-Trimethyl. 

! 173-174 

t 143-144 

! 1080 

2,4,5-Trimethyl. 

165-168 

128-131 

lOfM 

Parvolines 




1,2,3,4-Tetramethyl. 

232-234 

170-172 

108/ 

3,5-Dimethyl-2-ethyl. 

198-199 

149-152 

108b 

2-Butyl. 

189-192 

94 



« «-ColUdine. 

/S'Collidine. 

* 81 /m-CoUidinc. 

^ Aldehyde collodine, because it is tho principal product from heating aldehyde ammonia. 

• Conyrino. 

*** (o) Heap, Jonss, and SIpbaxman, J. Am. Ckem. Soc., 48, 1936 (1921); (6) Bhatpon and Bailbt, 
ibid., 89 , 175 (1937); (e) LdFVLBB and Gbobbb, Ber., 40 , 1325 (1907); (d) Ahbbks, ibid., 99 , 2996 
(1896); (e) 'Yxbbl and Hazpba, Monatth., 8, 770 (1882); Btobhb, J. prakt, Chem. [2], 46,20 (1892); 
</) Gabrxbl and Colmam, Ber., 88, 1365 (1902); (g) Ecxbbt and Lorxa, Monateh., 88, 225 (1917); (h) 
Kobkxgb, Ber., 97 , 1501 'x.gQ4); («) Fichtbb and Labsabdt, ibid., 49 | 4714 (1909); O') Abbbns, ibid., 
98 , 796 (1895); (k) Hsas&fiKi, ibid., 18 , 3097 (1885). 
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127°) is made from a mixture of benzaldehyde and 7 -picoline heated with 
zinc chloride. The process proceeds in steps. If the temperature is 
reduced to 150°, paraldehyde gives the hydroxy compoundC^ 5 H 4 N*CH 2 - 
CH(0H)CH3, ^\hich with hydrochloric acid at 185° in a sealed tube gives 
allylpyridine. 

S-Vinyl-4r‘methylpyridme .^^^—Preparation of this compound starts 
either from ethyl a(|^l-ethoxyethyl)-acetoacetate (itself derived from 
ethyl acetoacetate^^^ by conventional steps) or from a-acetobutyro- 
lactonc. The last method is particularly interesting because it illustrates 
a way of protecting the side chain by making it part of a dihydrofuran 
compound. 




OCNU2 


('H 3 


Clh 

/ 

O 


a NC 

^HO 



(^TT“(’H2 


NIli to form p>ndino compound, but lartone iing simultancouhlv ojxmH, tone HCl reflux to foim 
furan ring at eliminates the nitnle group and forms two isorutrh The cnolic isomer 

melts at 250° and gives a positne feme (blonde test, tlu kedo isomer melts at 177 5 to 179° and gives 
no color with tht iron salt Both voneties leatt with POCh to give a tinhloro derivative with img 
opening H 2 + Pd eliuiiiuites the thloro atoms at Ca and C u, alcoholic KOH then eliminates UCl to 
form the \invl gioup 


Pyridylacetylcne ,'^^^—This compound is prepared from /J-acetylpyridine 
by chlorination and removal of hydrogen halide. 


VVU ale KOH 

r6H4N.(XO)CH3-^ C\H4N 0(CI)'=-(^Tl2-^ r6H4N CsCII 

reflux 


Halogen Derivatives.— In addition to the vapor-phase process already 
described, halogen derivatives may be prepared by (a) mercuration of 
pyridine with mercuric acetate at 170° followed by treatment of the 
product with salt and then bromine( 6 ) chlorination of pyridones or 
alkylpyridones with phosphorus pcntachloride and phosphorus oxychlo- 
ride^^^ or even with phosgcnc^^® at elevated temperatures; (c) treatment 


« PCI, or cocu. 


N 

R 



I 1 J 

CCh CC’l 

\ / / +Rn 

N N 

R J 


of a- or 7 -aminopyridine with sodium nitrite in concentrated hydrochloric 
LAdenburq, Ann.j 301, 117 (1898). 

no Stevens, Bentbl, and Chamberlain, J, Am. Chem. Soc.y 64, 1093 (1942). 
m Mc(/LEland and Wilson, J. Chem. Soc.y 1263, 1497 (1932). 

Fischer, Ber., 32, 1297 (1899); Fargher and Furness, /. Chem. Boc., 107, 688 
(1915). 

iw Binz and RXth, Ann., 486, 71 (1931). 
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acid; and {d) preparation of a / 8 -halogen compound via the customary 
diazonium route from a /S-aminopyridine. 


Table IV.— Bromo Derivatives'^* of Pyridine 


-Pyridine 

M.p., 

B.p., X'. 

Pressure, 

mm. 

HrCU 
fompoutid 
m.p., °('. 

2-Bromo- . 

-40.D 

193.4-194 

764 

184-185° 

3-Bronio-. 

2,6-Dibromo-. 

-29.5® 

173.7-174 

762 

201 . 5 - 202.5 

2,5-Dibromo-. 

118.5-119 

249 

757.2 

181-182 

3,5-Dibromo-. 

93 -94 

234-235 

772 

2,3,6-Tribromo-. 

111.5-112 

222 

755 

207-208 

2,4,6-Tribromo-. 

82-83 




2,3,5-Tribroino-. 

107.5-108.5 

277 

772 

183- 185 

3,4,5-Tribromo-. 

46 

2,3,5,6-T('trabroino-. 

Pentabrorno. 

lOG-107 



207-208 

103.5-104 




209.5-210^" 





® Solidification point. 


A halogen atom in the 2 - or 4-positions would, if the comparison with 
an ammono-aldehyde system were exact, behave as an acid chloride or 
bromide. The resonance in the ring, however, prevents the reactivity of 
a halogen atom from reaching such extreme limits. 4-Methyl-2,- 
O-dichloropyridine, for example, will not condense with benzene in the 
presence of aluminum chloride. Nevertheless there are real differe 3 nces 
in reactivity according to the position occupied. At C 3 , the halogen has 
the unrcactivity associated with aromatic systems; at C 2 and C 4 , it has 
appreciable reactivity and can be ammonlyzed without the aid of catalytic 
copper. The data in Table V show also that 2,6-dihalo-substituted 
pyridines have even more reactivity than the 2 - or 6 -mono compound. 
The aromatic nature of halogen in the 3-position is further illustrated by 
the exchange reaction of 3-bromopyridine and n-butyllithium which 
yields 3-pyridyllithium.“® 

3-C6H4N Br + n-C^HsLi --3-C6H4N.Li + n-C4H9Br 

Amino Derivatives ,—In addition to the amination process of Chichi- 
babin and the reactions shown in Table V, aminopyridine compounds can 
be prepared by conventional methods from (a) amides by the Hofmann 
reaction; (b) acids through the acid chloride, ester, hydrazide, azide, 

OcHiAi, J. Pharm. Soc, Japan, 60, 164 (1940); C.A., 34, 5449 (1940). 

Gilman and Spatz, J, Am, Chem. 80 c,, 62, 446 (1940). 
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urethane path;^^^ and (c) nitro derivatives by reduction. The numerous 
possibilities of reactions from 2-aminopyridine are shown in Fig. 3. 
An amino group in the 3- or 5-position shows the behavior of an aromatic 
amine. It can be diazotized, and the diazonium salt will undergo the 


Table V.—Reactivity op Halogen Atoms Attached to the Pyridine Nucleus 


Pyridine 

substituents 

Reagent 

Temperature 

Product-Pyridine 

Ref. 

2 -Broin(). 

aq. NH„ 

180-200° 

2-Amino 

42,116 

3-Br()mo. 

aq. NH 3 

180-200° 

3-Bromo 

116 

3-Bromo. 

aq. NHjC’uSO, 

200 ° 

3-Amino 

116 

4-Bromo. 

aq. NH 3 CUSO 4 

200° 

4-Amino 

IlG 

2,3,5-Tri<*hlor(). 

aq. NII 3 

180° 

2-Amino-3,5-di('hloro 

117 

2,3,5-Tribr()nio. 

aq. NH, 

180-190° 

2-Amino-3,5-dibroino 

118 

3,4,5-Tribronio. ... 

aq. NHj, 


4-Amino-3,5-dibromo 

42,116 

2 -Iiromo. 

C'u powder 

Heat 

2 ,2-Dipyridyl 

116 

2-Bromo. 

Mk 

Room 

2 - Py r idy Imagn esi um 
bromide 

110 

2-Broino. 

CxxVN 

Heat 

2-(Vano 

116 

3-Broin(). 

CuCN 

165-170° 

3-C)yano 

116 

2-Brojno. 

Piperidine 

145° 10 hr. 

2-Pip(‘ridino 

120 

2-Broino. 

Aniline 

Below 200° 

2-Anilino 

120 

2 ,f)-Dibrorno. 

NaOH 

90° 

2-Ethoxy-6-bromo and 
2 -Hydroxy-6-bromo 

116 

2 ,6-Dibroino. 

NaOEt 

160° 

2 ,6-Diethoxy 

116 

2 ,f)-Di})romf). 

aq, NH 3 

180-200° 

2 -Amino-6-1 )romo 

42 116 
> 

3 ,r)-I)i})ronio. 

aq. NH, (::uS 04 

200 ° 

3,5-Diaraino 

11b 

2-Ainino-(>-br()ino. . 

NaOH 
in EtOH 

160° 

2- Amino-6-ethoxy 

116 

2,4,6~Tribroni<>. 

Aq. NH 3 

200 ° 

2 ,6-Diamino-4-bromo 

121 

2,6-Dibromo. 

70% HaSO^, 80% 
n3P04, 60% 
HOAe or 60% 
HCJOOH 

160° 

2 -Bromo-6-hydroxy 

122 


(a) DEN Hebtoo and Wibaut, Eec, trav. chim., 56 , 122 (1930); (6) McEiiVAiN and Goese, 
J, Am. Chem. Soc., 65 , 2283 (1941); Oeaig, ibid., 66 , 232 (1934). 

11’ SBI.L, J. Chem. Soc., 95, 2001 (1908). 

11* WiBATJT and Kb A AY, Rec. trav. chirn,, 48 , 1084 (1923). 
ii» OvBBHOFF and Pboobt, ibid., 67 , 179 (1938). 

1*0 Wibaut and Tilman, ibid., 68 , 987 (1933). 

1*1 Wibaut, Bickel, and Brandon, ibid., 68 , 1124 (1939). 

1** Wibaut, Haayman, and Van Duk, ibid., 69 , 202 (194')). 

usual replacement by halogen, nitrile, arsenic acid, or other group and will 
couple with phenols and amines. The same attempts with 2- or 4-amino- 
pyridine usually lead to hydrolysis. In concentrated hydrochloric or 
hydrofluoric acid, the amino group is sometimes converted by sodium 
nitrite into an a-chloro or fluoro compound, as in 2-amino-5-nitropyridine 
laa and Steffans, MonaUh.^ 84, 517 (1913). 
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to 2-chloro-5-nitropyridine,^2^ and muck pyridone. A similar replace¬ 
ment by bromine is not possible because concentrated hydrobromic reacts 
with nitrous acid. 



“ This reaction occui.s during the amination process, oitiuu by nietalation of tho aminopytidiiie by 
sodiutn hydiide or by sodaniide. This reaction also occurs during the fonnation of 2-aininopyridin(‘. 
« HNOs ill HjSO* below 40®. Reduction with zinc dust and alkali. « Heat above 40® causes reai- 
raugement to the 3- and the 5-nit I o compounds. HNO 2 . Sn-f UCl followed by HNOi. ^ Chlo¬ 
rination, brotriination, or sulfonation, » (NH4)jS204. 

Fig. 3.—Some reactions of 2-aminopyridine and of products derived therefrom. 


The more stable sodium diazotate may be employed with advantage 
in some diazo reactions. Acidification of a concentrated solution of the 

C 6 H 4 N NH 2 + CftHnONO + NaOEt CBH 4 ]Sr N 20 Na + CbHuOH + EtOH 

diazotate with acetic acid gives pyridone. Careful acidification of a 
solution that contains potassium iodide yields 2-iodopyridine. Cou- 
pling^^^ occurs with a-naphthol, resorcinol, and 2,G-diaminopyridine. 
The coupling rate is accelerated and in some cases is possible only when 
a slow stream of carbon dioxide is passed through the solution. The 
simple azo dyes so prepared are not very stable. 

a-Aminopyridine undergoes phenylation to give phenyl a-pyridyl 
amine^®® by an Ullmann synthesis between 2-aminopyridine and 
bromo- or iodo-benzene with potassium carbonate and metallic copper. 

Chichibabin and Rjazancev, J, Rues. Phys. Chem, 80 c., 46, 1236 (1914); 
46, 1581 (1914); C.A., 10, 2898 (1916); Cf. Ref. 46a. 

CmcHiBABiN, J. Russ. Phys. Chem. Soc.^ 50, 512 (1920); C.A., 18, 1496 (1924), 
Chichibabin, J. Russ. Phys. Chem. 80 c., 50, 497 (1920); C.A., 18, 1495 (1924). 
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DipyridyP^'^ and tripyridyF® are formed when the monoaminopyridine 
hydrate is heated. 

Nitro Compounds, —a-Pyridylnitramine, C 6 H 6 N.NHN 02 (m.p. 184®), 
is a very important compound in syntheses^® (see page 194). It is but 
little soluble in concentrated mineral acids and therefore has no basic 
properties. It is a strong enough acid, however, to liberate carbon 
dioxide from carbonates and to dissolve in moderately dilute alkali. It 
forms a crystalline potassium salt. 

2-Nitropyridine^2® (m.p. 68 ®) can be obtained from 2-aminopyridine 
)>y oxidation with ammonium persulfate, hydrogen peroxide, and sulfuric 
acid. It is also obtained as a by-product in the preparation of 3-nitro- 
pyridine^^® (m.p. 41®) when a solution of pyridine in 100 per cent sulfuric 
acid is added to fused sodium-potassium nitrate at temperature of 300 to 
450®. At the higher temperature, the 2-nitro compound is the sole 
product, although in slight yield (2.5 per cent). 

Hydroxypyridines and Pyridones ,—Hydroxyl groups attached to the 
pyridine ring have widely different behaviors, depending on their position. 
Those in the jS-position, for example, are true phenols. They give a 
ferric chloride test, are weakly acidic (also weak bases), and have an 
absorption spectra^^® similar to that expected of phenols in general. The 
a- and 7 -hydroxy compounds, on the other hand, show evidence of 
existing in a tautomeric state with a cyclic amide. 


d'on ('•o 

N N 

H 


When treated with diazomethane, the methylated product is basic and 
is demethylated by the conventional reagent (HI) for methoxy groups. 
The ether, moreover, is identical with that which results from reaction 
between a-chloropyridine and sodium methoxide. The pyridone silver 
salt and alkyl iodide yield also the alkoxy compound. On the other 
hand, if the hydroxy-compound is heated with methyl iodide the nitrogen 
derivative, -NCH3, is known to be formed, since the remnants of oxidation 
show that the methyl group is attached to the nitrogen atom. 

Chichibabin and Worobieff, J, Russ, Phys, Chem, Soc,j 50, 522 (1920); C,A., 
18, 1496 (1924); Chichibabin, Ber,y 61, 199 (1928). 

Kirpal and Bohm, ibid., 64, 767 (IJ?!). 

DEN Hertog, Jr., and Overhoff, /fee. trav, chim.j 49, 562 (1930). 

Baker and Baly, J. Chem. Soc., 91, 1122 (1907). 

(a) V. Pechmann and Baltzer, Ber., 24, 3144 (1891); v. Pbchmann, ibid.j 28, 
1624 (1896); (6) Chichibabik, Konowalowa, and Konowalowa, ibid., 64, 814 
(1921). 



212 


THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS 


Aminopyridine*®**’ shows a parallel tautomerism. The action of 


t’NH, 

\ 

N 


II 


i= 


=NH 


sodamide and then methyl iodide in ether solution, for example, intro¬ 
duces a methyl on the amino group, CbH 4 N*NHCH 3 . Methyl iodide 
alone, however, forms the salt with the ring nitrogen, NM 2 *C 5 H 4 N*MeI, 
and this compound on treatment with silver oxide yields the N-methyl- 
a-pyridoneimide. The imide forms a benzoyl derivative (Schotten- 
Baumann reaction), reacts with phenylisocyanate, and hydrolyzes under 
the influence of hydrochloric acid at 125° to N-methylpyridone. 

Pyridine’‘2-‘ald€hyde (b.p, 181°/700 mm.), —This analogue of benzalde- 
hyde be prepared by condensing a-picoline with benzaldehyde, ozon¬ 
izing the a-stilbazole produced, and separating the benzaldehyde by steam 
distillation. 

Formation of aldehyde by chlorination and hydrolysis, as in the 
aromatic series, can also be realized, but the process must be regulated 
carefully. For example, a-picoline, in contrast to pyridine, is attacked 
very readily by chlorine in aqueous solution and changes to 3,4,5,www- 
hexachloro- and 3,5,a)coa)-pentachloro-a-picoline.^^^ If the picoline is 
dissolved in glacial acetic acid heavily buffered with sodium acetate, the 
process can be regulated to give «-trichloropicoline^^® in a yield of 28 
per cent. The trichloro compound can be (a) hydrolyzed by aqueous 
30 per cent sulfuric acid to picolinic acid or {h) reduced by stannous 
chloride to co-dichloropicoline, which in turn is hydrolyzed by the acid 
solution to pyridine-2-aldehyde, 

Rosenmund^s method for the preparation of aldehydes fails in the 
case of a simple pyridine acid chloride but succeeds with a substituted 
compound. 

4,6-Cl2 C^6H2N COCl-(2) 4 4,6-a2‘C*H2N CHO 

« H 2 and Pt in xylene at 150 to 160®. 

Small yields of aldehyde are obtained by oxidation of picoline with 
selenium dioxide. (C/. page 277.) 

Pyridine-2-aldehyde is characterized by the hydrazone (m.p. 180 to 
182°), the 2,4-dinitrophenylhydrazone (m.p. 213°), and the bisulphite 
addition compound which sublimes at about 160°. The phenylhydrazone 
of the aldehyde may be secured indirectly by condensing a-picoline 

*** Harries and Lenart, Ann., 410, 95 (1915). 

138 Dyson and Hammick, J. Chem. Soc,, 781 (1939). 

(a) Graf and Weinberg, J. prakt. Chem., 184, 177 (1932); (6) Borsche and 
Har'cmann, Ber., 78, S39 (1940). 
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methiodide with p-nitrosodimethylanilinc and hydrolyzing the anil in the 
presence of phenylhydrazine.^^® The methyl iodide is then removed by 
heating in a high vacuum. The hydrazone can be split into its com¬ 
ponents by warm mineral acid. 


\ ^ 

N+ 

OH* I- 

«ONrbH4N(rH«).. 


\ 


CCII- 


-N(\n4X(CH3)., 


\ Z' 

N 


C'C^II-NNHCcHfi 


CH, I-* 

Dilute HCl 4 reHftNIINHi, heat in \acuuni to remove mcthjl iodide. 


Pyridine Ketones .—Since direct acetylation of pyridine does not occur, 
the 3-acetyl derivative is obtained by an indirect method.^®® Ethyl nico- 
tinate, when condensed (by NaOEt) with ethyl acetate, yields ethyl 
nicotinoacetate which can be isolated if desired as the hydrochloride 


Tvble VI.— Physical Propkrtifs of Pyuidink C^arboxylic Acid 


Position of oarboxyl 
group or groups 

Common name 

M.p., °C. 

Ref. 

Ik 

2 - 

Picolinic 

133® 


3- 

Nicotinic 

230-232 

161 

4- 

Isonicotinic 

305-307 

66 

2,3- 

Quinolinic 

230 d.'* 

1S8» 

2,4- 

Lutidinic 

248-250 

1385 

2,5- 

Isocinchoincronic 

256- 258 d. 

118<* 

3,4- 

(Unchomcroiiic 

264-265 

106d 

3,.)- 

Diiiicotiiiic 

323 

106^ 


« Tho melting point of the hydrochloride salt is 228 to 230® if heated at tlie normal rate but falls 
to 210 to 212® if the rate of temperature increase near the melting point is 1® ev'cry 5 min. 

^ The amide melts at 209®. 

(a) Ltn-stbad, Noble, and Wright, J. Chem. Sac., 911 (1937); (fe) Meyer and Tropsch, 
Monatsh., S5, 189 (1914); (c) Jacobs and Craig, J. Biol. Chem., 124» 6.^)9 (1938). 

(m.p. 156 to 157.5°). When this compound is refluxed in 10 per cent 
hydrochloric acid, the j8-acetyli)yridinc is formed. 

C Ss(;(0)C'n2('02Kt „ C(0)CH, 

o Hydrolysis with 10 per cent HC’l. 


Pyridine carboxylic acids are important because they serve as reference 
points in problems of structures. They are commonly prepared by 
oxidation with permanganate. Picolinic acid,^®^ for example, is obtained 
in 50 to 51 per cent yield from a-picolin. 

Kaufmann and Vallkttk, iUd., 46, 1736 (1912); 46, 49 (1913). 

Hurd and Webb, J. Am. Chem. Soc.j 49, 551 (1929); Strong and McElvain, 
ibid., 66, 816 (1933). 

Singer and McElvain, Org. Syntheses, 20, 79 (1940). 
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Since 2 - or 4-carboxylic acids are a- or y-ammonoaldehydo acids, 
the carboxyl p;roups are removed by heat much more readily than those in 
the 3“ or 5-position. 2,3,5,6-Tetracarboxylic acid, for example, loses 
two carboxyl groups in boiling acetic acid.^***® The two jS-carboxyl 
groups are unchanged even at 285®. The 2,3-diacid melts with decom¬ 
position at 190®, solidifies, and then melts without further decomposition 
at 230®. 3-Acetyl-4-methylpyridine-2,G-dicarboxylic acid^® loses one 
carboxyl group after many hours in boiling acetic acid. The second 
carboxyl group is lost at about 260®. 

An aqueous solution of pyridine a-carboxylic acid gives a red to yellow 
color with ferrous sulfate,probably because of a metal complex. The 
/3- and 7 -acid give no color. This test is regularly employed to indicate 
an a-carboxylic acid. 

/5-Pyridine carboxylic acid is commonly known as nicotinic acid 
because it is the acid obtained by oxidation of nicotine with nitric acid. 
The acid is one of the components of the mixture that was originally 
called vitamin B. The complex nature of this growth factor was recog¬ 
nized when Goldberger^^^ and coworkors of the TT. S. Public Health 
Service showed that pellagra was due to a deficiency in the diet of one of 
the components of this mixture. This necessary portion was accordingly 
called vitamin B 2 and later shown to be nicotinic acid. 2,G-Dimethyl-3,- 
5-dicarboxylic aedd, 3,5-pyridinedicarboxylic acid, 3-pyridine-N-diethyl- 
carboxamide (coramine), and 3-methylpyridine are less effective than 
nicotinicsacid in controlling the disease. 

Nicotinic acid is widely distributed in nature. Liver-extract powder, 
yeast-extract powder, the aqueous concentrate of rice-polish extract, 
wheat-germ powder, and cow^s milk contain 1.16, 2.52, 2.84, 0.15, and 
0.13 mg. per g., respectively.The amount present in whole-wheat 
flour is around 9.5 mg. per g. The customary test for the presence of 
this vitamin is the cyanogen bromide-aniline procedure (page 200 ). This 
test of course is general for many pyridine compounds, although not for 
vitamin Be. 

The acid is prepared in commercial quantities by oxidation of nicotine 
or alkyl /5-substituted pyridine compounds. It can also be prepared by 
hydrolysis of the nitrile^^*** and by partial decomposition of quinolinic 
acid. 

The diethylamide of nicotinic acid is called coramine and is used in 
medicine as a respiratory and cardiac stimulant.^^^ 

Skraup, Monatsh.^ 2, 147 (1881). 

'^oSkbaup, ibid., 7, 210 (1886), c/. Ley, Schwabtb, and MCnnich, Ber., 67, 349 
(1924). 

Goodman and Gilman, ‘‘Pharmacological Basis of Therapeutics,^* The Mac¬ 
millan Company, New York, 1941. 

Melnick, Oser, and Siegel, Ind. Eng. Chem., Anal. Ed., 13, 879 (1941). 
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Pyridine Sulfonic Acids and Derivatives. —Apart from direct sulfona- 
tion, which takes place with difficulty, the /S-sulfonic acid can be prepared 
l)y converting a ^S-halopyridine to the thio derivative (by KSH) and 
thence to the acid (by H 2 O 2 ). The compound is soluble in water and 
alcohol but not in benzene. The formula is probably best represented as 

4 * 

a zwitterion, HNCbH 4 S 03 "“. 

An a- or 7 -sulfonic acid can be prepared by converting (P2S5) a 
pyridone to the thio derivative and then oxidizing^^® (HNOs) to the 
sulfonic acid. Efforts to convert (PCI5, NH3) the 7 -acid to the amide 
in order to obtain a compound of the sulfanilamide type with nitrogen 
in the ring leads to the formation of l-(4'-pyridyl)pyridine-4-imine,^^^ 



presumably by replacement of a sulfonic by an amino group. 

Conversion of a mercaptan to a sulfonic acid by oxidation does not 
always occur, as witnessed by formation of the dinitro disulfide^^^ in the 
following sequence of reactions: 

“O. ""0-0“ 

® KSH and heat, H2O2. 

Z)z- and Poly-pyridyls .—Besides the preparation of 77 '- and other 
dipyridyls from sodium and pyridine, already described, the two pyridine 
nuclei can be linked by the customary pyrolytic method employed with 
aromatic compounds. For example, pyridine, passed through a red-hot 
tube^^^* or over nickeP"*^® at 320°, or heated with iodine'^^^ at 320° (iodine 
aids formation of diphenyl from benzene over hot nickel) yields dipyridyl. 
Formation of 2,2'-dipyridyls is favored by heating pyridine with anhy¬ 
drous ferric chloride^^* at 300°, possibly because the two products, i.c., the 

2CahN + 2FeCl3 (—(^5H4N)2 + 2HC1 + 

dipyridyl and the ferrous chloride, form a complex with each other. 

These salts have the composition (Fe dipyr. 8 )Br 2 - 6 H 20 . Ferrous 
sulfate and nickelous salts also form complexes. The structure of these 

Marckwald, Klbmm, and Trabert, Ber., 83, 1556 (1900). 

1 ** King and Ware, J. Chem. Soc.j 873 (1939). 

Rath, Ann., 487, 105 (1931). 

146 Meyer and Hofmann-Meyer, J. prakt . Chem. [2], 102, 287 (1921). 

( a ) WiBAUT and Wellink, Jr., Rec. tr<w. chim., 50, 287 (1931); (b) Willink, . 
Jr., and Wibaut, tbtd., 54, 275 (1935). 

Morgan and Burstall, J. Chem. Soc., 20 (1932); Hein and Ritter, Ber., 61, 
1790 (1928); Hein and Sghwedler, ibid., 68 , 681 (1935). 



216 


THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS 


colored complexes is indicated by the work of Werner/^® who separated the 
fetrous compound into its optical isomerides by means of the tartrate salt. 
The molecular assymmetry is caused by the spatial arrangement of struc¬ 
turally identical groups in the coordinate positions (octahedral spacing) 
about the central atom. Ethylene diamine gives a similar result. 



TaBLT: VII.- PhYSK AL PkoPERTIKS of the DIPYRIDYT.S 


Position 

M.p., 

°0. 

B.p., 

“C. 

Picrato 
m.p., °C, j 

kSoln. in H_>() 

Kef. 

otet . 

70 

272.5 

155 

SI. sol. 

4»,148.160 

a/3'. 

Liquid 

Liquid 

68 

287-289 

149.5 

Tnsol. 

49 

tv-v' . 

280-282 

208 

Insol. 

40 



291-292 

232 

40 

/3y. 

62 

297 

215 

Very sol. cold 
81. sol. hot 

Sol. hot 


77 '. 

114 

305 

262 

40 

44c, 40 




Preparation of 2,2'-dipyridyl by the ferric chloride method is accom¬ 
panied by formation of considerable (juantities of polypyridyls linked 
together in the alpha positions. These higher molecular weight com¬ 
pounds, as well as 2,2'-dipyridyl itself, can also be prepared by heating 
2-bromo-substituted pyridines with copper powder in p-cymene or, 
better, in diphenyP®° as a solvent. Penta- and hexa-pyridyls can thus 
be made. All form complexes with ferrous salts. 



6,6'-Dibromo-2,2'-dipyridyl is prepared by bromination of dipyridyl 
vapor at 500®. It is converted to the diamino compound by ammonium 
Werner, tbid., 46 , 121, 433 (1912). 

WiBAUT and Overhoff, Rec, irav. chim,f 47 , 761 (1928); Burstall, J, Chem. 
Sac ., 1662 (1938). 
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hydroxide at 200 to 210®. The 6,6'-dimethyl compound can be prepared 
from a-picoline and ferric chloride at 350®, and this product in turn is 
oxidized by selenium dioxide to the dicarboxylic acid. All these sub¬ 
stituted a,a'-dipyridyls show a marked decline in coordinating power with 
ferrous chloride, a fact that may be attributed to a screening effect of the 
group adjacent to the nitrogen atom. 

7 , 7 '-Dipyridyl unites with benzyl chloride by a sealed-tube reaction 
to form N,N'-dibenzyl- 7 , 7 '-dipyridinium chloride. Sodium, zinc, or 
magnesium in water converts this product to a blue monohalide or radical; 
sodium amalgam in methanol removes both halogen atoms and forms the 
colored biradical. 

a. NaHg. 

Nicotiney C 10 H 14 N 2 , is the chief alkaloid'®^ in the tobacco plant. It is 
a water-soluble liquid that boils at 246.7®/745 mm., does not solidify 
at —79®, has a density (near 1.0107 at 20®) greater than that of water, 
possesses levorotation, and turns brown on exposure to air. It is a 
feeble base and forms salts with two equivalents of alkyl halide. Its 
solubility relations with water are interesting, for it is one of the com¬ 
pounds for which a closed temperature-solubility curve^^® is known. The 
upper critical solution temperature is 210 ®; the lower is 60®. The 
phenomenon is related to hydrate formation. At the higher temperature, 
the hydrate dissociates to nicotine and water. 

Nicotine is named after Nicot, the French ambassador to Portugal, 
who, in 1550, sent tobacco seed to Paris. Although the alkaloid was 
known by 1571, it was not until 1828 that the material was purified 
and its position as the first known liquid alkaloid established. The 
correct formula was determined in 1843 and the first synthesis carried out 
in 1904 by Pictet. 

The alkaloid^®^ occurs throughout the tobacco plant, but the percent¬ 
age is greatest in growing leaves and in the medial zone of the long axis 
of the leaf. Top leaves contain more than bottom ones. It is isolated 
by treatment of the leaves or refuse with alkali or lime followed by steam 
distillation, ^he compound is without therapeutic value, although 
shortly after its discovery the plant was widely fiultivated in the belief 

Schwab, Schwab-Agallidis, and Agliardi, Ber,, 78, 279 (1940). 

Jackson, Chem, Rev.y 29 , 123 (1941); Henry, Plant Alkaloids,” The Blakiston 
Company, Philadelphia, 1939. 

Hudson, Z. physik, Chem,, 47 , 113 (1904). 

Tsakalotos, BvlL soc, chim, [4], 6 , 397 (1909). 

Fletcher, Jr., J. Chem. Edttcattony 18 , 303 (1941). 


CeHsCHa ., 



CH2C,H, 
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that it was a medicinal herb.^®® The reputation as a medicine was proba¬ 
bly based considerably on the odor. 

Nicotine is one of the most toxic of all drugs and acts with a rapidity 
comparable to cyanide. Changes caused in the body are complex and 
often unpredictable, since both stimulant and depressive phases are 
present. The antidote is another alkaloid of Nasturtium officinali. 
It has not yet been established that moderate use of tobacco is deleterious, 
although the acute effects observed in the novice are almost entirely due 
to the nicotine content. 

Pictet^s synthesis'^® is an excellent application of the principles of 
pyrrole chemistry. jS-Aminopyridine, itself prepared by the Hofmann 
reaction from nicotinamide, is distilled with mucic acid and the N- 
pyridylpyrrole product rearranged by heat to the a-isomer. The remain¬ 
ing steps consist of methylation, iodination to obtain a mono-substitution 
product which is easily reduced, bromination and reduction to obtain the 
tetrahydro product, and resolution of the optical isomer. 



R - C6H4N. 

« Thermal rearrangement, KOH, dial. ^ Ij in alkaline aolulion. «' Sn + HCl. Br?, Sn -f HCl, 
reHolution with (i-tartaric ai’icl. 

Nicotine is oxidized to nicotinic acid by chromic acid,'*^^ potassium 
permanganate,^®® or more commonly by nitric acid.'®® A pyrazole by¬ 
product (page 440) is formed with the last reagent. Dehydrogenation 
over 30 per cent platinized asbestos'®® at 320° or in boiling toluene with 
^ulfur'®' gives 3,2'-nicotyrine. Reduction by sodium or hydrogen over 
platinum oxide-platinum black gives hexahydro- and octahydro-nicotine, 
in varying amounts.'®2 The last product is formed by opening of the 
pyrrolidine ring. 

Nicotine'®^ is characterized by the picrate, which is obtained by the 
addition of a 10 per cent hydrochloric acid solution to a well cooled 
solution of picric acid. The yellow amorphous precipitate changes to 
crystals that have a characteristic appearance and are readily detected on 
a microscale. 

166 Pictet and Rotscky, J5er., 87,1225 (1904). 

Ht^eb, ibid., 3, 849 (1870); Ann., 141, 271 (1863). 

1 ** Olivebi, Gazz, chim. ital., 25, 69 (1895). 

McElvain, Org . Syntheses, Coll, Vol, 1 , 2d cd., 386 (1941). 

160 WiBAtJT and OvERHOPF, Rec, trav . chim,, 47, 936 (1928). 

Mobton and Hobvitz, J, Am, Chem, Sot,, 57,1860 (1935). 

168 WiNDns and Marvel, ibid,, 52, 2543 (1930). 
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Metallic salts such as mercuric chloride form addition compounds. 
Table VIlI lists the lowest quantity of reagent and the minimum quantity 
of nicotine that can be detected. 

Table VIII.— Sensitivity or Nicotine to Tp3sts by Various Rkagbnt.s 


Ilcagent 

Min. reagent 
strength parts 
per 100 

Least quant, of 
nicotine detect¬ 
able, mg. 

HgCl,. 

1:100 

.01 

Potassium mercuric iodide. 

1:500 

.002 

Cdl. 

1 :1,000 

.001 

CdBra. 

1:400 

.005 

CdCl2. 

1:100 

.02 

Picric acid. 

1 :100,000 

.001 

Picrolonic acid. 

1:100 

.005 


The alkaloids, nicotoine, C'gHuN, nicotelline, CaoHglSs, isonicoteine, 
(hoHi 2 N 2 , nicotimine, C 10 H 14 N 2 , and nicotoino, (" 10 H 12 N 2 , are also present 
in tobacco in lesser amounts. 

Myosminey C 9 H 12 N 2 , is an alkaloid^^* present in tobacco smoke. It has 
the same formula, less the methyl group on the nitrogen, as does nicotine. 
It is conveniently prepared by condensation of ethyl nicotinate with 
N«benzoylpyrrolidone followed by re-formation of a pyrrolidine ring. 



« Condensation with the pyrrolidone by means of sodium cthoxide. ^ Hydrolysis of the cyolio 
amide and ro-formation of a new ring, decarboxylation. 

Anabasine is an isomer of nicotine. It was obtained by Smith as a 
by-product in the preparation of a,i 8 -dipyridyl from pyridine and sodium 
(page 195) and was named neonicotine. Subsequently, Orechoff and 
Menshikoff^^*^ found that anabasine and neonicotine were identical save 
that the former was levoratatory rather than a d,Z mixture. The struc¬ 
ture is shown^®® by (a) dehydrogenation with silver acetate at 180® or 
with zinc dust to a,/3-dipyridyl; (b) reduction with hydrogen and pMinic 
oxide to an a,j 8 '-dipiperidyl whose dinitroso derivative is identical with 
an authentic specimen; (c) oxidation with permanganate to nicotinic 
acid; (d) comparison with the other possible pyridylpiperidine, viz,, the 
2,3'-isomer called also isoneonicotine, which by oxidation changes to 

^ SpXth, Wenusch, and Zajic, Ber., 69 , 393 (1936). 

Obechoff and Mbnshikoff, ibid,, 64 , 266 (1931X 
Smith, J. Am, Chem, Soc,, 68 , 277 (1931). 
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a-picolinic acid. Anabasine is synthesized^®® from piperidone by a 
sequence of steps that parallels that for myosmine above. The dipicrate 
(m.p. 214®) and the dinitro-m-cresolate (m.p. 140 to 142®) of the synthetic 
compound are identical wth those of the natural product. 


H, • 



COCeHs COCfiHs 


«NaOEt. »(1) HCl aq.; (2) -COi. 

The anabasine content of Anabasis aphylla^ L. (a plant that grows on 
the Russian steppes) is about 2 per cent. The alkaloid resembles nico¬ 
tine, not only in its chemical structure but also in its toxicity to aphids 
and other soft>-bodied insects. Of the six so far prepared, it is the only 
one of the nine possible piperidylpyridinos that has any marked toxicity 
to insects. 

RicininCj C 8 H 8 N 2 O 2 , is a poisonous alkaloid contained in the seeds of 
Ricinus communis^ the castor-oil plant. The plant has been cultivated 
since ancient times. The alkaloid was first isolated by Tuson,*^'’' who 
extracted the seeds with boiling water, filtered the solution, evaporated 
the filtrate to a thick sirup, and allowed it to crystallize. 

Ricinine gives no color with ferric chloride. When refluxed with 5 
per cent hydroxide, the alkaloid is converted to ricinic acid, C 7 H 6 N 2 O 2 , 
by loss of a methyl group. Phosphorus oxychloride converts ricinic acid 
to C7H5ON2CI, and this compound in turn is changed by hydrogen with 
palladium on barium carbonate to C 7 H 6 ON 2 . When this last compound 
is refluxed with sodium in absolute alcohol, a carbamide, C 7 H 8 O 2 N 2 , is 
obtained by hydrolysis of a nitrile. Further alkaline hydrolysis gives a 
l-methyl-2-pyridone carboxylic acid. The carboxyl group cannot be in 



“Hydrolysis with KOH to ricinic acid, conversion to chloiide by POClj. ^ Formation of licminc 
by NapCH*. “Elimination of chloro group by hydrogenation over Pd on BaCOi; hydrobsis of 
nitrile group. 

the 4- or 5-position because those compounds are already known. The 
most likely structure is that pictured, and the following synthesis^®®—an 
excellent example of chemistry in this series—confirms this conjecture: 

i««SpXTHand iMamoli, Her,, 69 , 1082 (1936). 
w^TusoN, /. Chem.Soc., 17, 195 (1864). 

*®*SpXth and Roller, Ber.j 56, 2454 (1923). 
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« Oxidation to the pyridine dirorboxylu* acid by KMn04, formation of the anhydride by AcsO at 
120®, conversion to the aniule by NHn, Hofmann degradation to the amine by Bo and alkali. ^ HNO2 
in H2SO4 to convert the amino gioup to hydroxyl, POCU -f PCU to form the 2 , 4 -diehloronieotin 5 1 
chloride, treatment with ammonia to foim the amide, dehydration with to form the nitiile. 

« Treatment with sodium rnethoxide in boiling methanol to form the 2,4-dimethoxy comjiound, heat 
with methyl iodide in an evacuated tube at 120 to 130® to cause the change fiorn O—CHj to N—CH 3 . 

Fyridoxine (vitamin Be) is another member of the complex mixture 
originally designated as vitamin B. It is isolated from rice bran as the 
hydrochloride, CsHnNOs-HCl, (m.p. 204 to 200°). The free base melts 
at 160° and is optically inactive. The following facts permitted deduc¬ 
tion of the structure.It contains three active hydrogen atoms 
(Zerewitinov test)^, it has one methyl group, it gives a red color with 
ferric chloride which is comparable to that shown by jS-hydroxypyri- 

C^HsOH 


dine, it has a basicity (0.2 X 10-^°) similar to that of /3-hydroxypyridinc 
(0.0 X 10~^®) and dissimilar to that of a-hydroxypyridine (1.7 X 10"“^®); it 
has an absorption spectra that closely resembles those of 2-methyl-3- 
hydroxy-5-ethylpyridine, 2-methyl-5-hydroxypyridine, and jS-hydroxy- 
pyridine; it yields a monomethyl ether with diazomethane which is 
oxidized by barium permanganate to a dicarboxylic acid, C9H9O5N, 
(besides a lactone) which gives no color with aqueous ferrous sulfate (there¬ 
fore not a) and forms a phthalein when fused with resorcinol (therefore 
vicinal). These facts indicate that the hydroxyl group is at Cz and the 
two carboxyl groups are at C 4 and Cs. The location of the methyl group, 
relative to the hydroxyl, is determined by pyrolytic decarboxylation of 
the above sodium salt with lime, a process that simultaneously changes 
the methoxy to a hydroxy group. This hydroxymethylpyridine is not 
identical with the known 3-hydroxy-6-methylpyridine. Hence the 
methyl group is at C 2 . Further confirmation of the position of the methyl 
group is given by the presence of a blue color fading to reddish brown 
when the vitamin is added to an alkaline suspension of 2 , 6 -dichloro- 
quinonechloroimide. Para-substituted phenols seldom give a blue color 
with this reagent. Hence position 6 must be unoccupied. 

J«»Stilleb, Keb»sztesy, and Stevens, J, Am. Chem. Soc., 61 , 1237 (1939); 
Kuhn and Wendt, Ber., 72 , 305 (1939). 

170 Gibb, J, Biol. Chem.j 72 , 649 (1927); qf. Theriault, Ind. Eng. Chem.y 21 , 334 
(1929). 
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The synthesis^’^ of this vitamin, shown in the following steps, confirms 
the above skillful deduction of structure, and is an excellent example both 
of ring formation and of the special chemistry of the groups involved. 

rH20Kt CHaOEt CH 2 OH 



« The pyridine compound, which is the siaitiug material in this sequence of reactions, is obtained 
from CHiC(0)CH2C(0)CH20EtC02Et 4- H2N(0)CCH2CN with the aid of piperidine. From that 
point, HNOj, POU, II 2 over Pt to reduce the nitio compound and H 2 over Pt and Pd on charcoal to 
reduce the nitrile and eliminate the halogen atom are used. HC51 followed by HNO 2 in H 2 HO 4 con¬ 
verts the two amino groups to hydroxy, HBr converts the ether to a bromide, and H 2 O + AgCl causes 
hydrolysi.s of the bromide. 

Pyridium is 2,G-diamino-3-phenylazo hydrochloride. 


O 


—N=X—, 
H2N 


Pyridium 



Cl- 


C 4 H 90 



Neotropine 


H+ 


NIT2 

ci- 


• Compounds of this type are prepared by the action of diazonium salts 
on the active hydrogen atom in the 3-position of 2,6-diaminopyridine. 
The azo dye is an active antiseptic agent, which led to its introduction 
as a urinary antiseptiof It apparently possesses little bactericidal power 
in vivo, however, and in recent years has been largely replaced by more 
effective agents such as methanamine, mandelic acid, and sulfanilamide. 
Neotropine is a similar dye made by coupling a-butyloxy-jS'-aminopyri- 
dine with 2,6-diaminopyridine. 

Sulfapyridine, f.e., 2-(p-aminobenzenesulfamido)-pyridine, 2-(p- 
NH 2 C 6 H 4 S 02 NH)-C 6 H 4 N, is prepared^’^® from acetylsulfanilyl chloride 
and 2-aminopyridine followed by removal of the acetyl group with hydro¬ 
chloric acid. This compound is an important drug. It is one of the 
long line of pharmaceuticals^^^ descended from Prontosil, P-H 2 NO 2 SC 6 
H4N=NC6H4S02NH2-p, the azo dye discovered by Klarer and Mietzsch 
in 1932 and found by Domagk in the same year to be active in strepto¬ 
coccal septicemia. Levaditi and Vaisman (1935) later found that the azo 
link was unnecessary. Since that time, a large number of pharmaceuti¬ 
cals of this type have been prepared and tested. The sulfanil^^mide drugs 
have proved a landmark in the treatment of diseases of bacterial origin. 
The Nobel prize was offered to Domagk in 1939 for his discovery. 

Pyridine MercuriaU .—The reaction of pyridine with mercury acetate 
at 155® for 2J^ hr. in the presence of 1 mole equivalent of water yields 
3-pyridylmercuric acetate (m.p. 178®), convertible to the chloride or 

Harbis and Folkbrs, /. Am. Chem, 5oc., 61, 1245 (1939). 

172 WiNTBBBOTTOM, tbid.^ 62, 160 (1940). 
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nitrate by reaction with sodium chloride or nitrate, respectively, a- 
Aminopyridine and a-picoline are mercurated in the 5-position at 100 
and 150®, respectively. The compounds are stable to 20 per cent sodium 
hydroxide. Pyridine mercuric compounds^^® are not precipitated by 
proteins and have a strong germicidal action with relatively low host 
toxicity. Amino and methyl groups lower the germicidal activity. 

Pyridine Arsenicals ,—The toxic properties of pyridine compounds are 
greatly reduced by using derivatives of pyridone.^^^ When the sub¬ 
stituent is an arsonic acid or an arseno system, the compound has a 
valuable trypanocidal action. 2-Pyridone-5-arsonic acid and 2,2'- 
dihydroxy-5,5'-arsenopyridine and 3,3'-diamino-2,2'-dihydroxy-5,5'-arse- 
nopyridine all have properties similar to those of salvarsan. Preparation 
of the arsonic acid is effected from 5-amino-2-pyridone (itself made from 
Q!-aminopyridine by nitration, hydrolysis, and reduction) by the custo¬ 
mary diazotization and treatment with arsenious oxide. This compound 
is then converted by sodium hypophosphate with a little potassium 
iodide into the arseno derivative. 



H n 


« HNOa + HX, AsaOi. NallsPOa + KI. c H 2 O 2 . 

These compounds in turn can be converted to the N-substituted 
pyridones by the conventional reaction with an alkyl iodide or with 
chloroacetic acid. Some of these compounds have valuable therapeutic 
properties. 

The 3,3'"diaminoarseno compound^^® is prepared by nitration of the 
above arsonic acid, followed by reduction with hypophosphite. Reduc¬ 
tion of the arsonic acid derivative with zinc dust and sulfuric acid yields 
the corresponding arsine^^^ (RAsH 2 where R = the pyridone system). 
Mild reduction of the acid with sulfur dioxide in the presence of potassium 
icxlide and sulfuric acid yields the arsine oxide RAsO. 2-Pyridone-3-arsonic 
acid may also be prepared, since nitration of a-aminopyridine yields a 
3-nitro as well as a 5-nitro product that can be subjected to the customary 
sequence of reactions. The toxicity of compounds in the 3-series is, 
however, generally higher than that of compounds with substituents in 
the 5-position. 

SwANEY, Skbetebs, and Shbbve, Ind. Eng, Chem., 82, 360 (1940). 

Binz and RXth, Ann,f 468 , 238 (1927); 466 , 127 (1927); Binz, Z. angew. Chem., 
48 , 426 (1935); Binz, Maieb-Bode, and Rost, ibid., 4 ^ 836 (1931); Binz, Ber,, 70A, 
127 (1937). 

Binz and R&th, Ann., 466 , 127 (1927). 

Binz, RXth, and IJrbschat, ibid., 4tli, 136 (1929). 
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lodopyridone Compounds. —lodopyridones^^^ are valuable agents for 
producing X-ray contrast effects for visualization of the urinary tract. 
They have a low toxicity, a high percentage of iodine, and a reasonably 
high transmission of light at the wave length employed in radiography. 
These compounds are an outgrowth of the work of Binz and RMh, who 
observed that, as a class, the pyridones were less toxic than the pyridines. 
Synthesis of uroselcctan, sometimes called lopax, is accomplished by 
conventional steps from a-aminopyridine in which the 5-iodo group can 
be introduced by iodination, the amino group is replaced by a hydroxy 
group by diazotization and hydrolysis, and the acetic acid is introduced 
by means of chloroacetic acid and alkali. Uroselectan B is obtained 
from cheledamic acid by direct iodination, followed by formation of the 
N-methyl derivative. 

Diodrast is obtained from y-pyridone by means of iodine followed by 
chloroacetic acid. The formulas are shown below. 


O 0 



Selectan ITioselectan UroRolectau B Diodrtiht 

52% Is or lo]>ux 51,9 Is oi Ppt abiotiil 

*12% Is 49.8', li 


R =- -CHiC0sH-NH(CHsrH20H)2, 

Comenamic acid is obtained from comenic acid (page 155) and ammonia 
at 100®. This compound undergoes a remarkable transformation 
when the product of its reaction with 3 moles (4.4 parts by weight) of 
phosphorus pentachloride at 150® is poured with vigorous stirring into 
ice water, the amorphous precipitate is digested at room temperature with 
tin and 10 per cent hydrochloric acid for a long time until dissolved, and 
the mixture is heated on a water bath for some hours. The final product 
is 4,5-dihydroxy-2-methylpyridine. The intermediate producjt of this 
reaction may be a compound with phosphoric acid, which is responsible 
for this peculiar conversion of a carboxyl to a methyl group. This reac¬ 
tion has already been mentioned in connection with the proof of the 
constitution of kojic acid. 



« PCU at 150®, H*0, Sn •+• 10 per cent HCl. 

177 Binz, RXth, and Lichtidnberg, Z. angew. Chem., 48, 452 (1930); Binz, Bcr., 
70A, 127 (1937). 

^’*08T, J. prakt. Chem., 27, 257 (1883); Bellman, ibid., 29, 14 (1884); Yabula, 
J, Chem. Soc., 575 (1924); Vebkade, Rec. irav, chim., 48, 879 (1924), 
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Problems 

1 . Name the product obtained from each of the following reactions: (a) Tso- 

butyraldehyde with 2 mole equivalents of ethyl acetoacetate in alcoholic ammonia.® 
( 6 ) Acetone, butyraldchyde, and ammonia over alumina or kaolin at 305 to 310®.* 
(c) The hydrochloride of the p-dichlorodianilide of glutaconic aldehyde heated in a 
vacuum at 80°.'^® (d) An alcoholic solution of benzoylacetono and cyanoacetamide 

treated with diethyl amine.^^® (c) A mixture of ethyl benzoylacetate and benzalde- 

hyde treated with a few drops of diethylamine and, after some time, the product 
heated with a concentrated aqueous solution of hydroxyl amine for 4 hr. at 120 to 
130®.^^ (/) Paraldehyde, exmeentrated ammonium hydroxide, and ammonium 

acetate heated at 180® for 8 hr.^*® {g) Benzoylacetaldehyde and ethyl aminocro- 

tonate (how prepared?) in ether.’*^ Qi) Ethyl formate condensed with phenyl 
ethyl ketone by means of sodium ethoxide and the product of this reaction heated 
with ethyl /3-aminocrotonate on a water bath for 15 hr.^*® (0 Paraldehyde and 

acetamide heated in a tube at 280° so as to form 

2 . Name the product that results from the following transformations of pyridine 

compounds: (a) Sodium pyridine-^-sulfonate heated with potassium cyanide in a 
retort.®* (b) Sym-collidine heated for 3 hr. on a water bath with absolute nitric 
acid and fuming sulfuric acid.^*® (c) 2,3,5-Trichloropyridiue heated in a sealed tube 
with aqueous ammonia. (d) 2“C'hloro-5-nitropyridine with sodium sulfide 
and the product of this reaction treated with stannous ciiloride.^*'^ (c) Same as (d) but 
the product of the first step treated with potassium dichromate. (f) 4-Pyridone 
treated with phosphorus pcjiitasulfide and the product allowed to react with hydrogen 
peroxide. (g) 2-.\minopyridine heated at 230 to 250® for 30 hr. with 2-amino- 
pyridine hydrochloride.^** (h) 2 -Bromopyridine (how prepared?) heated with 
2 -aminopyridine in the presence of potassium carbonate and copper bronze with a 
trace of potassium iodides in boiling mesitylene for 16 hr.’®* (i) Nicotine heated in 

boiling toluene with sodainide.^^ (y)«4,6-Dichloro-2-aminopyridine dissolved in 
concentrated hydrochloric acid and treated with sodium nitrite.^** (fc) 2-Bromo¬ 
pyridine heated with 2 -anilinopyridine in mesitylene with copper bronze.^*® (/) 
2-Hydroxy-3,5-dichloropyridine in alcoholic potash with methyl iodide and the prod¬ 
uct heated with phosgene in toluene for 3 hr. at 150°.^^® (m) Pyridine allowed 

to stand for 3 hr. with an equivalent quantity of isobutyl iodide and the product of 
this reaction treated with potassium ferricyanide in the presence of caustic soda.^*^ 
(n) Phenyllithium with pyridine in ether solution followed by replacement of the 
ether with toluene and the application of hcat.^** (o) Bromine and 5 -nitro- 2 -amino- 
pyridine.i*® (p) A mixture of cetyl cdiloride, a (or 7 )-picoline, and sodamide, allowed 
to stand for 2 days.^®®* (q) a-Pyridinemercaptan dissolved in an equivalent amount 

of alkali and treated with iodine. 

Bardhan, /. Chem. Soc., 2223 (1929). 

^*®LANaER and Haumeder, J, prakL Chem. [2], 160, 153 (1938). 

>*^ Spath and Burger, Monatsh.j 40, 265 (1928). 

1** Baser, J. Indian Chem. Soc., 12, 289 (1935). 

Van Rijn, Rec. trav. chim.^ 46, 267 (1926); Plazek, Ber. 72, 577 (1939). 

1 ** Surrey and Lindwall, J. Am. Chem. Soc.j 62, 173 (1940). 

185 Wibaut and LaBastide, Rec. trav. chim.^ 62, 493 (1933). 

Graf, J. prakt. Chem. [ 2 ], 133, 36 (1932). 

Decker and Kaupmann, J. prakt, Chem. [ 2 ], 84, 425 (1911). 

*** Walters and McElvain, J. Am. Chem. Soc.^ 66 , 4625 (1933). 

1*® Chichibabin, j, Rubb. Phys. Chem. Soc., 60, 492 (1920); C.A., 18, 1496 (1924). 
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3. Devise methods for the preparation of the following compounds from pyridine 

as one of the reagents, (a) a-(4-MethoxyphenyI)-pyridine.^‘* ( 6 ) 2 -Amino 
pyridinesulfonic aeid,^® (c) 2,6-Diamino-4-bromopyridinp.^22 5,5'-Dinitro-2,2'- 

dipyridine disulfide, CloHbN 20482 .^** (e) 2-Chloro-5-niiropyridine.^*® (/) 2 -Isoamyl- 
oxypyridine- 5 -arsonic aeid.^*^ (ff) 2 -(o-nitrophenyl)-pyridine by a method that 
leaves no doubt as to the structuroA® (/») 2-Butoxypyridyl-5~azo-3',5'-diamiiio~ 
pyridine.^** (t) 2-Chloro-5-bromopyridine.^®^ (j) 2 -Aminopyridine-4-sulfonamide, 
the pyridine analogue of sulfanilamide, by two methods.^®* (/c) /3 (4-pyridyl)-aerylie 
aeid.®*^ (/) 3 -Pyridylchloroarsine hydrochloride. 

4. Nitration of 4-phenylpyridine yields a mixture of three nitro products. 
Devise a method for the determination of the position of the nitro group. 

6 . Name the product that results from the following sequence of reactions: (a) 
Ethyl cyanoacetate treated with sodium in absolute alcohol, and, as soon as the 
sodium has dissolved, treated with ethyl oxaloacetate (itself prepart*d from ethyl 
acetate and ethyl oxalate under the influence of sodium alkoxide), and the mixture 
then refluxed for 1 hr. ( 6 ) The product from the first step allowed to stand with 
cold concentrated sulfuric acid for 12 hr.'®^ 

6 . From 44 runs, each with 6.5 g. of propionaldehyde and 4 g. of propionaldehydo 
ammonia at 205 to 210° for G hr., a mixture of dry crude bases, which amounted to 
40 per cent of the theoretical yield, was obtained. J^iperidincs w(to first separated 
by use of potassium nitrite. After 20 fractionations (the modern efficient fractionat¬ 
ing columns were not then known), the mixture of pyridine bases was separated into 
two parts which boiled at 197 to 199° and 219 to 221 °. The first fraction was further 
purified as the double salt of mercuric cldoiide. By careful oxidation of this purified 
base (A) with potassium permanganate and decarboxylation of the product a base 
was obtained which had the composition (\H»N. This base on further oxidation 
with the same reagent yielded pyridine-3,5-dicarboxylie acid. What possibilities in 
structure existed for the original base (A)?®^ 

7. What is the final product that results from the following sequence of reactions 
in which the product from each step is treated in turn with the reagent designated in 
the next step? (a) Kthoxyacetylacetone (how prepared?) and piperidine added 
with shaking to cyanoacetamide dissolved in hot alcohol, (b) Crystals from (a) 
heated with concentrated hydrochloric acid at 120 to 125° for 4 hr. (r) Fuming 
nitric acid and concentrated sulfuric acid at 35 to 45°. (rf) Phosphorus oxychloride 
and phosphorus pentachloride. (e) Hydrogen and platinum oxide catalyst at 3 atm. 
pressure until 3 moles of hydrogen arc absorbed. (/) Hydrogen and platinum oxide, 
hydrogen with palladium on barium carbonate, (g) Sodium nitrite and sulfuric acid 
and the diazo solution then added to 50 per cent sulfuric acid, (h) Diazomethane in 
dry ether, (i) Barium permanganate. The composition after (d) is C\H«N 204 C 1 , 
after (/) is C 8 H 8 N 2 O 2 , and at the end is C 9 H 906 N.^®® 

8 . Write the equations for changes that begin with a-pyrrolidone (itself obtained 
by electrolytic reduction of succinimide at a lead cathode in acid solution), employ 
the following reagents in sequence, and end with a compound that has the formula 

Ann., 486, 71 (1931). 

Binz, Maiebp-Bodb, and Morisawa, Z. angew. Chem.f 46, 349 (1933). 

1 ®* Binz and von Schickh, U.S.P. 2,145,579; C.A., 83, 3599 (1939). 

1®* Chichibabin and Builinken, J. Russ. Phys. Chem. Soc., 60, 471 (1920); C.A. 
18, 1494 (1924). 

1 ®^ Naeoeli, Kundio, and BRANPBNBERaBR, HeJv. Chim. Acta, 21, 1746 (1938). 

Rogebson and Thorpe, J. Chem. Soc.^ 89, 631 (1906). 

Harris, Stiller, and Folkbrs, J. Am. Chem. Soc., 61, 1242 (1939). 
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(' I oH 14 N 2 . (d) a-Pyrrolidone sodium in dry benzene treated dropwise with dimethyl- 

sulfate. (b) KthyJ niootinate and sodium ethoxide. (c) One hundred cubic ccnti- 
met(‘rs of fuming hydrochloric acid for 7 hr. at 130® in a bomb tube (ketone splitting) 
to give a compound with the formula C 10 H 14 N 2 O. (d) Zinc dust and alcoholic 

alkali, (e) Concentrated hydriodic acid and red phosphorus at 100® in a bomb tube 
for 6 hr. (/) Aqueous caustic potash to give the product CioHi 4 N 2 .'®^ 

9. What are the equations for the changes that begin with pyridine, use each of 
the following reagents in sequence, and end with the compound C«>Hi 2 N 2 ? (a) 

Pyndine (400 g.) 100 cc. of water and 30 g. of vanadyl sulfate with 600 cc. of concen¬ 
trated sulfuric acid heated over a free flame until sulfuric acid begins to distill; the 
mixture, cooled, treated with 800 cc. of 20 per cent fuming a(*id, again heated gently 
tor 2 hr., and, finally at the full force of a bunsen burner, until most of the acid has 
distilled and t he contents weigh approximately 900 g. (b) Mixed with sodium cyanide 
and heated in a retort, (c) Phhoxypropylmagnesium bromide (how prepared?) and 
tlie Grignard product hydrolyzed as usual with water and acid to give a compound 
with the composition ChjHuOiN. (d) Hydroxylarnine hydrochloride followed b}*' 
zinc dust and acetic acid, (e) Forty-(ught per cent hydrobromic acid at 150 to 155® 
for 12 hr., after which the excess acid is removed by distillation at reduced pr(*ssure, 
and the viscous product treated with aqueous potassium hydroxide in order to rt‘COver 
the crude compound which, after puritication, has the composition 

10. What is the product of the folkming succession of changes? (a) 2,6-i3ibromo- 
pyridine (l,iQ mole) refluxed for 2 hr. on a water bath with ^^5 mole of dimethyl 
sulfate, (b) The aqueous solution from the above step treated with mole of 
10 per cent caustic soda, (c) The product from (b) heated with a mixture of phos¬ 
phorus penta- and tri-bromide in a sealed tube at 190® for 6 hr.’®® 

11. Chlorosulfonic acid or sulfur trioxide with pyridine in carbon tetrachloride 
forms CfiHfiXSOjj, This compound decomposes with hot water into pyridine and 
sulfuric acid. Gold 20 per cent sodium hydroxide after a short term produces about 
80 per cent of the sodium salt of a hydroxybutadiene aldehyde, G 6 H 8 O 2 , identified 
by means of the benzoyl derivative. What are the changes that probably have 
occurred?*®® 

12 . Show a method for proving the structure of the product that results from the 
reaction of ethyl propionylpyruvate, cyanoacetamide, and piperidine.*®’ 

13. Suggest a method for obtaining the inaccessible 7 -picoline from the easily 
procurable 2,4-diinethylpyridine.*®* 

14. W’'hen devising methods for synthesis of pyridine compounds, divide the 
framework into likely divisions, as indicated by the example, consider that a carboxyl 

group is equivalent to a hydrogen atom—^since decarboxylation can always 
be applied—and keep in mind, particularly, such starting reagents as ethyl 
acetoacetate, ethyl oxaloacetate, ethyl cyanoacetate, /3-aminocrotonate, etc. 
The presence of like groups symmetrically placed on either side of the 
j)yndine nucleus often furnishes a clue to the type of synthesis. Devise meth¬ 
ods for synthesizing the following pyridine compounds from noncyclic reagents: 
(a) ICthyl 2,6-dihydroxypyridine-4,5-dicarboxylate.’®’’ (b) 2 -Methyl- 6 -teriiary 
butylpyridine-3,4-dicarboxylic acid (how prove the position of the carboxyl 



Spath and Bbetschneider, Ber,y 61, 327 (1928). 

Craig, J. Am. Chem. Soc., 66 , 2854 (1933). 

199 WiBAUT, Spbckman, and Van Wagtendonk, Rec. trav, chim.y 68 , 1100 (1939). 
*®® Baumgabten, Ber., 67, 1622 (1924); 69, 1166 (1926); 66, 1637 (1932). 

Tracy and Elderfield, /. Org. Chem.^ 6 , 70 (1941). 

*®* Clemo and Gourlay, J. Chem. Soc.^ 478 (1938), 
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group?).'® (c) 2,4,6-TriphenylpyridineN-oxide.®^ {d) 4,5-Dimcthy 1-2,6-dihydroxy- 
pyridine.'® (e) 3-Cyano-4-carbethoxy-6-methyl-2-pyridone.'^® (/) 2-Methyl-3 
(j8 ethoxyethyl)-4,6-dihydroxy-5-carbethoxypyridinc.20'J (gf) Ethyl 2,6-dimethylpy- 
ridine-3-carboxylate.2«* Qi) 2,4-Di-p-toJyl-3-cyano-6-aminopyridine.2®® {i) Citra- 
zinic acid which is 2,6-dihydroxypyridine-4-carboxylfC acid.'®® {j) 2,6-Dimethyl-4- 
ethyl-3,5-dicarbethoxypyridine.®®® 

15. a-Pyridone has been synthesized from malic acid. Show a sequence of steps 
by which this preparation can be effected.'®'® 

16. The 2-methyl homologue of coramine has no analeptic action but actually 
damages the heart muscle of a frog. Devise a method for the preparation of this 
compound from malonic dialdchyde as one of the reagents. In practice, the malonic 
dialdehyde is unstable, but the ether acetal of the enol form, (EtO) 2 C'HCH—CHOEt, 
can be employed.*®^ 

17. Suggest a method for the preparation of 2,6-dihydroxy-4-methylpyridine, and 

then name the product derived from this compound by use of the following reagents 
in sequence: {a) Malic acid with concentrated sulfuric acid on a steam bath for 5 to 
6 hr. to give C^9H703N. (6) Bromine added in small portions to an acetic acid solution 

of the product from (a), (c) The C'9H603NBr2 product boiled with ethyl alcoholic 

potash to yield C 9 H 604 NBr. (d) Befluxed with 10 per cent aqueous sodium hydrox¬ 
ide and zinc dust to give C9H7O4N. (c) Treated with a boiling solution of acetic and 
concentrated sulfuric acid in order to form (/ 8 H 7 O 2 N. (/) Heated with phosphoryl 

chloride in a sealed tube at 170 to 180°. {g) Refluxed with 95 per cent hydrazine 

hydrate for 4 hr. to yield CsHdONs. {h) Gently heated with copper sulfate in acetic 
acid to give an oil, the picrate of which has the composition G 8 H 70 N‘C 6 H 807 N 8 .®®® 

18. ]!ithyl ethylacetoacetate is condensed with ethyl cyanoacetate to form two 
different products depending on whether (a) ammonia or (6) sodium and then sodium 
hydroxide is used as the agent. What is the product formed in each case? How 
proceed from these compounds to the preparation of /3-collidine?®®® 

19. Trigonelline, <y 7 H 702 N, is an alkaloid that occurs in the foenugrec seeds from 
the leguminous plant TrigoneUa Joenumgraecum which is found in India and Egypt. 
The seeds are used in preparation of curries and as a veterinary spice. The alkaloid 
is also found in garden peas, hemp, and elsewhere. It is jirepaied in the laboratory 
by treating nicotine methiodide wnth silver oxide. What is the structure of the 
compound? To what class of substance does it fielong?®'® What properties would it 
exhibit? 

20. Devise a procedure for the preparation of /3-vinylpyridine from a pyridine 
compound.®" 

Tracy and Elderfield, J. Org, Chem,, 6, 54 (1941). 

2®® Rare, Her., 46, 2163 (1912). 

S06 Meyer, Berger, Oehler, and Schletter, J, prakt. Chem. [2], 90, 29 (1914). 

®®® SiDDiGUi, /. Indian Chem, Soc.^ 16, 410 (1939). 

®®’^ Baumoarten and Dornow, Her., 72, 563 (1939). 

®®« Robinson and Watt, J. Chem. Hoc., 1536 (1934), 

*®® Ruzicka and Fornasir, Heiv. Chim, Aciaj 2, 338 (1919). 

* 1 ® Hantzsch, Her., 19, 31 (1886); Johns, ihid.^ 20, 2840 (1887). 

Iddles, Lang, and Gregg, J * Am, Chem. Hoc., 59, 1945 (1937). 
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PIPERIDINE AND RELATED COMPOUNDS 

Many natural products, chiefly alkaloids, contain a reduced pyridine 
ring, often as part of a bicyclic system. The methods for the preparation 
of such compounds are frecpiently applicable also to other heterocyclic 
rings and to five-membered rings. The discussion in this chapter is, 
therefore, general, though concerned primarily with compounds that 
have a piperidine ring. 

Naming and Numbering. —Monocyclic piperidine compounds are 
numbered in the same way as are the pyridines. If a substituent is 
attached to nitrogen, the compound may be referred to as a piperidino 

derivative, e.g., 7 -piperidinopropyl benzoate is CbHuN—CH 2 CH 2 CH 2 O 2 - 
QCeHs; if attached to carbon, it is called a piperidyl product. 

Bicyclic systems are named as if they were carbocyclic compounds 
with nitrogen or other hetero atom replacing carbon. Numbering begins 
at one of the bridge ends, the heterocyclic end, if one is present.^ If more 
than one hetero atom is present, precedence is given to that one which is 
in the highest group in the periodic table and has the lowest atomic 
number in that group. On this basis, the order will be 0, S, Se, Te, N, 
P, As, Sb, Si, Sn, Pb, and Hg. From the 1-position, numbering progresses 
in the order of the longest path to the other end of the bridge, then back 
to the 1 -position by the next longest path, and finally across the bridge, 
which is often placed in the center of the structural formula. When 
the compound is named, the number of atoms in each path is arranged in 
descending order and placed in brackets. These principles are illus¬ 
trated by the three formulas pictured below for l-azabicyclo[ 2 . 2 . 1 ]- 
heptane, l-azabicyclo[3.2.2]nonane, and 3-ox-9-azabicyclo[3.3.1]nonanc, 
respectively. 



1 Pattebson and Capell, “The Ring Index,Ileinhold Publishing Corporation, 
New York, 1940. 
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When writing the structural formulas from such names, it is a good 
plan first to write the three divisions indicated in the brackets as if all 
the atoms were carbon, with the smallest number in the center;then insert 
two carbon atoms for the bridge ends and number the atoms; and, finally, 
replace the carbon with the hetero atoms. For example, 3,5-dithiabicyclo 
[5.3.1]hcnadecane would be constructed as in stage (^4) with the 5.3.1 
atoms in the appropriate order; then as in stage {B) with the bridge ends in 
place and the numbering completed; and finally, in stage (C) with the two 
sulfur atoms in place of the carbon at positions 3 and 5 and the hydrogen, 
or other substituents, attached. 


A 


C C 
C 

C C 0 


c 


c c 


B 

C- C -C 


— 

1 10 

1 

.S3 

,'.4 J 

J 

9( 

1 

iijC! 

1 

C 

l6 7 

8 

S.') 

1 


* - ( 

1 IT,(^- 


C 
H 

- C -(’H 2 


10 


11 


II 




Numbering systems derived from well-known heterocyclic typos and 
empirical names are sometimes encountered. P'or example, octahydro- 
quinolizinc [see (4) below] is considered as a derivative of quinolizine in 
which numbering starts in the alpha position of one of the rings so that 



nitrogen will be accorded the smallest number possible. So also is 
octahydroindolizine (pyrrocoline) (B) regarded as a derivative of indo- 
lizine. The numbering begins as in indole w ith the smaller sized ring. 
On the other hand, quinuclidine (C) has no well-known parent conjugated 
or aromatic system from which it is derived. Hence its numbering is 
made in accordance with the name l-azabicyclo[2.2.2]octane. Some 
compounds have several empirical names. Octahydroquinolizine, for 
example, is known also as octahydropyridocoline, piperidocoline, and 
norlupinane. Alternatives for octahydroindolizine are octahydropyr- 
rocoline, octahydropyrindole, piperolidine, and coniceine. 

Synthesis of Piperidine Compounds. —Piperidines and their 
derivatives can be made by (a) reduction of pyridine compounds, (6) 
expansion of a five- to a six-membered ring, and (c) use of appropriate 
links that unite the ends of a chain or the segments of a chain. The 
agents fo^r reduction are conventional ones employed in many organic 
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proccswses. For example, sodium^ in boiling absolute alcohol or tin* with 
hydrochloric acid is used repeatedly. The former agent produces also 
some tetrahydropiperidine/ especially when there is an ethyl group 
at Cs. 

Reduction may also be accomplished electrolytically in 20 per cent 
sulfuric acid at a lead cathode.* Catalytic hydrogen over platinum* or 
Raney nickeF may be employed. Hydrogen at 200 to 400 atm. and 
250 to 260°Cl over coppei'-chromium oxide catalyst* reduces glutarimides 
and glutaramides to piperidine compounds. This last process converts 
also the homologous five- and seven-ring systems to pyrrolidines and 
azepines, respo(^tivcly. 

Ring enlargement takes place very readily by means of a variation of 
the Beckmann rearrangement whereby the oxime of a cyclopentanone 
becomes a piperidone. 


H2 H2 H2 Hz 



« Warmed with 100 paits of cone. HjSO* to 20 parts of water. 

The reaction® is general. A cyclohexanone oxime becomes a seven- 
membered ring; a cycloheptanone changes to a ring of eight atoms. 

Formation of rings by closing a chain or uniting fragments is a very 
common’ practice. Four examples where this union occurs at the 
nitrogen atom are given below. 

^ I. XrH2(CH2)8CH2X A CH2(CH2CH2)2NH 

II. XCH2(CH2)3CH2NHR 4 CH2(CH2CH2)2NR 

TIL XH8NCn2((JH2)3CH2NH8X 4 CH2(CH2CH2)2NH 

‘i (- 

IV. C6n6C(0)(CH2)8CH2Br C6H5CH(CH2)4NH 

“ Reflux with NHj in ethei.*® ** NaOU or « Heat.’* ^ The correnponding phthalimidc is 

heated with CHaC02H and fuming HCl at 138° after which the tetrahydro product is reduced to the 
piperidine.^* 

2 Ladenbubo, i?er., 17i 156, 388 (1884). 

3 Koenigs, iUd., 14, 1852 (1881). 

^ Chichibabin, ibid,, 38, 3834 (1905); Koknigs, tWd., 40, 3199 (1907). 

® Emmebt and Dobn, ihid.^ 48, 687 (1915); Emmebt, ihid.j 46, 1716 (1913). 

® Skita and Meyer, ihid.^ 46, 3589 (1912). 

’ Adkins, Kebick, Fablow, and Wojcik, /. Am, Chem, Soc., 66, 2425 (1934). 

* Paden and Adkins, ilnd., 68, 2487 (1936). 

» Wallaoh, Ann., 812. 171 (1900); Beckmann and MehrlXnder, idtd., 289, 362 
(1896). 

10 V. Bbaun, Rcr., 41, 2156 (1908). 

11 Gabriel, ibid.f 26, 415 (1892). 

“Ladbnburo, ibid., 18, 3100 (1885); Ann., 247, 1 (1888), 
i» Gabriel, Ber., 41, 2010 (1909). 
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So smooth is the formation of piperidines from dibromopentane and 
primary amines (I) that the reaction can be used as a diagnostic process® 
for primary, secondary, and tertiary amines. Primary amines (except 
o-substituted anilines that produce diamino derivatives) yield piperidine 
derivatives that can be distilled. Secondary amines form quaternary 
piperidinium salts according to the equation 

Br(CH2)5Br + 2 HNR 2 + K 2 NH 2 + + 2Br- 


Tertiary amines form the diammonium bromide. 

Ring closure of the type shown in IV produces tetrahydro compounds 
from 5-bromoketones. Such reagents probably form a 5>amino ketone 
as the first phase, the chain then undergoes an internal condensation of 
the aldol type, and water splits from the hydroxypiperidine as illustrated 
below. 


(CH2)3 


C(0)(^H3 „ H 
ClIaBr H 



|H 

I (‘Ha 


“ Aqueous or alcoholic ammonia Ring closure occurs without heat. 


All tetrahydro pyridines are, of course, readily reducible to piperidines 
by one of the methods previously mentioned, 

A major problem in using these synthetical methods is to obtain the 
appropriate intermediate. Methods for expanding the carbon chain 
from the readily available ethylene bromide, trimethylene bromide, 
chlorobromopropane (from allyl chloride and hydrobromic acid) or other 
reagents are listed in Table I. 

A modification of one of these methods consists of opening any 
tetrahydropyrane ring by means of strong hydrobromic acid and then 
re-forming the closed system by means of alcoholic ammonia. Many 
examples of this practice as applied to bicyclic compounds will be given 
a little later in this chapter. 

The ends of a chain can be joined at other positions than at the 
nitrogen. For example, a carbon-carbon union is realized by the Dieck- 
mann reaction—treatment of an appropriate diester with sodium in 
boiling toluene or xylene.^® The necessary diester is prepared from 


HN 


CHaCHaCOjEt 

/ 

^CHiCHjCOjEt 


Na in hot toluene or xylene. 


H 2 H 2 


HN \o 
H^HCOiEt 


i^LiPP, ibid., 25, 2190 (1892). 

(a) Ruzicka ani Forxasir, Helv. Chim, Ada.^ $, 806 (1920); (6) KuBTTEli 
and McElvain, J. Am, Chem, Soc.j 53, 2692 (1931). 



Table I.—Sequence of Steps for Expanding the Chain in Order to Prepare Intermediates for Ring Closure 
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« Gabbier, ibid., 48, 1249 (1909). 



234 


THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS 




Adkiks, Foueebs, and Wojcik, J, Am. Chem. Soc , 54, 1145, 4939 (1932). 
» Ladbkbtjbo. Ber., IS, 2956 (1885); 19, 780 (1886). 

» Pbeloq and ScbOnbaum, Ann., 546, 256 (1940). 
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ammonia or a primary amino and ethyl jS-bromopropionate, itself made 
by addition of hydrobromie acid to ethyl acrylate. ‘ The )5-amino diester 
may also be formed through union of a j8-bromo-with a jS-amino-propion- 
ate, the latter compound being formed by bromination of succinimide^^ 
(Hofmann reac^tion with sodium hypobromite) and subsequent esterifica¬ 
tion by alcohol and hydrochloric acid. 

Finally, several fragments may be put together simultaneously,'^® 
as seen in the following scheme: 


ECHO 

NHa 

ECHO 


CH.CO.E liHHCO.E 
ho -* HN \ O 

('’HjCOsR mr^co=R 


This procedure is somewhat reminiscent of the Hantzsch synthesis 
(page 187), except that one keto diester is condensed with two aldehydes 
and an amine instead of two keto esters with one aldehyde and an amine. 

Synthesis of Bicyclic Compounds.—Bicyclic compounds may be 
constructed by the addition of an extra ring to a piperidine system or by 
the simultaneous closing of two rings. Several compounds in which 
a sc'cond ring can be formed are shown below. 


H 2 

H 2 



H 2 

H 2 



H 2 

H 2 


H 2 

o 


H 2 

nco2Et 

HjOOaEt 


H,C-CH2 



H 2 

H 


\ 


EtOi 


CH 

jC— 


H 2 


In the first®* and second,®^ a conventional splitting of hydrogen halide 
under the influence of heat, alkali, or sulfuric acid occurs; in the third, 
sodium in boiling toluene effects a condensation like that which occurs 
in the preparation of ethyl acetoacetate from ethyl acetate, but the proc¬ 
ess in this case is known as the Dieckmann reaction;®® in the fourth,®® 
ring closure takes place when the ester is reduced catalytically over nickel. 
These reactions can be used to make additional rings with one, two, or 


81 H^le and Honan, ibid., 41, 770 (1919). 

88 Pktrenko-Kritschenko, /. prakt. Chem, [2], 85, 1 (1912); Pbtrenko-Krit- 
SCHENKO and Zonefp, Her., 89, 1358 (1906); c/. Mannich, Arch, Pharm., 273, 
323 (1934). 

8®L5fplbb and Stibtzel, Ber., 42, 124 (1909); Meisenheimbr, Neresheimer, 
and Schneider, Ann., 420, 190 (1920). 

8^ Hofmann, Ber,^ 18, 109 (1885); LOfpler and Kaim, iUd,, 42, 94 (1909). 

8® Clemo and Eamage, J, Chem. Soc.j 437 (1931); Clemo, Eamage, and Eaper, 
ibid., 2959 (1932). 

8« Tijllock and McElvain, J. Am. Chem, Soe,, 61, 961 (1939). 
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three methylenes in the chain and to connect the nitrogen with other 
carbon atoms of the ring. The necessary intermediates are usually 
derived from pyridine by conventional steps as will be illustrated later in 
the synthesis of quinuclidine (page 255). 

Another method for making a second ring is to add ethyl acetylene- 
dicarboxylate to pyridine, a variation of the well-known Diels-Alder^^ 
reaction. The remaining steps employed in this synthesis are shown in 
Fig. 1. Included in the diagram also is the action of cyanogen bromide on 
the two bicyclic systems. This reagent incidentally, proves the point of 
attachment of the second carbon ring; for one ring is opened and an a- 
substituted piperidine is formed. This Diels-Alder reaction is there¬ 
fore applicable to the preparation of alkyl substituted piperidines as well 
as of bicyclic systems. 


CfiHfiN 



« MeOiCC "iCCOsMe. ^ Distillation with dilute HNOs or treatment with NasCrjOr. Hydrolysis 
with boiling HCl. « KOH, HCl, and heat. Distillation with CaO. ** H* H- PtOj in CHsCOjH. 
• BrCN, Hj + Pd. 

Fig. 1.—Preparation of bicyclic compounds by addition of methyl aoetylenedicarboxylate 

to pyridine. 

Simultaneous closing of two rings occurs when an appropriate tri- 
bromo compound is heated with methyl alcoholic ammonia. Figure 2 
illustrates a series of transformations whereby ethyl tetrahydropyrane-4- 
carboxylate (see Fig. 3) is converted®* to three members of an homolo¬ 
gous series. The general process consists (a) of changes on the side chain 
of the tetrahydropyrane compound, (b) of ether scission (ring opening) by 
means of strong hydrobromic acid, and (c) of ring closure to the bicyclic 
compound by use of hot alcoholic ammonia. 

” Disls, Au)EB, et Ann.^ 498, 16 (1932). 

*»(a) PiftBLOG and Cbbkovnikow, ihid.y 525, 292 (1936); 582, 83 (1937); (6) 
Prelog, Kohlbach, Cebkebnikow, Eezek, and Piantanida, i&td., 582, 69 (1937). 
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f 1 

OC.H,CO*Et 


^C»H,CHjBr 



Br Br Br Br Br Br 



« Na + EtOH, HBr. » KCN, H 2 O + HX, EtOH + HX, Na + EtOH. HBr 45 per cent. 

«NaCH(C02Et)2, saponification and decarboxylation, EtOH + HCl, Na-f EtOH, HBr 45%. 

Methyl alcoholic ammonia (20 per cent) at 130 to 140®. 

Fig. 2.—Conversion of 7 -carbethoxytetrahydropyrone to 1-azabicydo [2.2.1] heptane, 
quinudidine, and 1-azabicydo [3.2.2] nonane. 

jS-Tetrahydropyranylpropionic acid, which is formed in one of the 
foregoing steps in Fig. 2c, can be converted to quinudidine -2-carboxylic 
by the following sequence: 

H H 

o H2|^|NHC02H 

Ha ko j H2 Ih H2 

» Fuming HBr to open the ring, Br 2 + rc*<l P, CIIiOll + NII 4 at 135°. 

Figure 3 shows a variety of methods^^'' for preparing tetrahydro 
pyranyl-4-acetic acid, which is employed as an intermediate in the 
preparation of these bicyclic compounds. 

H C'O^Kt H CHaCOaEt O 

H2C"^H2 

Sequence of Reagents and Reactions 

“The starting material is prepared from the reaction 0 (CH 2 CH 2 C 1 )> ^ Na 2 C(r 02 Et )2 followed 
by saponification, partial decarboxylation, and esterification. The sequence of reagents for chain 
lengthening is; Na + EtOH, PBr, + pyridine, KCN, KOH, HX + EtOH. 

*Zn + BrCHaCOOEt(Reformatsky reaction) dehydration with AcaO to yield unsaturated pioduct, 
catalytic hydrogenation. Another suitable process is condensation with HaCCCNlCOOEt in the 
presence of pyridine, hydrolysis of ester and loss of COt, Et0H-HsS04 in order to e<iterify the nitrile, 
reduotion of double bond by Ha over PtOa. 

A third path from 7 -pyrone is by reduction by Ha + colloidal Pt-black, formation of eater with 
CoHtSOaOl, ethyl sodiomalonate, hydrolysis, decarboxylation of one carbnxjd group, esterification of 
the other carboxyl group. 

Fio. 3,—Methods for the preparation of ethyl tetrahydropyranylaoetate. 
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If two of the arms contain bromine atoms and the third holds an 
amino group, an intermolecular alkylation^® occurs under the influence of 
alkali with formation of a bicyclic system. JVlethods for preparing such 
intermediates from 7 -tetrahydropyrone are shown in Fig. 4. 



«Za + BrCH 2 COiEt (Reformatsky icaction), AcjO + 2 drops H 2 SO 4 to lemovo water from car- 
l>inol. Hs + PtO> to redupo the double liond, NaOH *0 saponify the ester, HX to recover the aciu, XaN t 
to form the amine by the Curtius-Schmidt reaction, HBr to form the ammonium salts, fuming IIB* t«> 
open tlm ring and form the dibronm aiuinoniuni bromide compound. 

* Zn + BiCH2C02Et, AC 2 O + H 28 O 4 . Ha + Pt02, SOCI 2 to form the acid chloride, MeZnX, 
H 2 NOH + Na 2 COi to form the oxime, Na + abs. EtOH to reduce the oxime to an amine, HBi to 
form the ammonium salt, turning HBr to open the img. 

Ring closure to the bicyclo compound occuis with 50 per cent KOH. 

Fig. 4.—Methods for the preparation of amino dibromides which can be used to form 

azabicyclic compounds. 


Robinson^8 synthesis provides a general method for the simultaneous 
closure of two rings and formation of a bicyclic compound with a nitrogen 
atom as the bridge. Robinson^® perceived that an imaginary hydrolysis 



would cleave tropinone to succinaldehyde, methylamine, and aceton(\ 
He accordingly condensed succindioxime with methylamine and acetone 
and obtained a small yield of tropinone. Substitution of ethyl or calcium 
acetonedicarboxylate for acetone materially improved the process and 
gave the dicarbethoxy or dicarboxylic acid which by an easy hydrolysis 
and decarboxylation yielded tropinone. 


(JHa—CHO 
OHaNHj 
CHa—CHO 


HaCCOaEt 


ho 

HjicOjEt 


Mixture allowed to etaud overnight. 


/I 


CH-CHa 


► 1 NCHj CO 
CHa 

^CH-(5H, 


*» (a) Prblog, Heimbach, and Razek, ibid.^ 545, 231 (1940); (6) Preloo, Heim- 
BACH, and Cebkovnikow, t6id., 545, 243 0940). 

RoBXHsoXa «r. Chem, Soc,, 111, 762 (1917). 
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The biogenic®^ posHibilities of this condensation are shown by the effect 
of temperature and of different pH values on the yield (see Table II), 

Table II. —Formation of Tropinone from Succindialdehyde, Acetone Dicar^ 
BoxYLic Acid, and Methyl Amine Ciilorohydrate in a Buffered Solution. 

Time 3 Days. 
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If the dialdehyde is replaced by 2 molecules of an aldehyde, the 
process becomes the same as that already mentioned (page 236) for pre¬ 
paring piperidones. The synthesis is, therefore, one that is broadly 
applicable to mono- or bi-cyclic systems as long as there are two aldehyde 
groups or their equivalent, two active methylene groups (in some cases 
only one active hydrogen), and one primary amine. The process is 
also related to the Mannich reaction. 

Reactions of Piperidines.—Considerable interest in the chemical 
behavior of piperidine compounds centers in the cleavages that make 
opening of the ring and formation of new compounds possible. For 
example, the ring may be converted to an unsaturated amino compound 
which then can be changed to an a-substituted pyrrolidine by way of the 
ammonium salt** or benzoyl derivative*^ as shown below. The reactions 
are of the type already mentioned in an earlier chapter. 


H2 

:Q 


Ha 


Ha 

C 

Yltc/ ^CH i Hj 


HjO 

(c;h,)jN 


b XI2 I-1 

C;Ha 


HCHs 


+ 

(C;Ha)2 Cl- 

« NaOH and heat. Addition of IICl to the double bond, NaOH closes the ring, heat causes loss 
of CHiCl. 

H* 

C 

HsC'^ !, H,,-,H, 


H, 

LnJh, 

C(0)C.H. 


H 


I 


jna I-1 X1.2 

H H 


HaC CHa 
.HN N((;H,)8I 

CeHaCCO) 

«PCU, Nal, (CHs)iN. ‘AgaO causes the formation of C6HsC(0)NH(CH2),CH”CH2 together 
with some dimethylamiiiobonzamide, HCl, at 70® forms £-chloroamylbenzamidu, NaOH causes formation 
of the five-iuombered ilng. 


Cyclic bases that contain a tertiary nitrogen atom are in general 
attacked by cyanogen bromide or chloride. The reaction may proceed by 
formation of an addition compound which then undergoes hydrolysis 
with scisson of a carbon-nitrogen bond. If this bond is in the ring, an 
open-chain aminobromo compound results; if outside 

RNH(CH2)6Br 

—♦ -f- 

HOCN 

« 48 per cent HBr. 


H, 

H 


H, 

Q 


H2 

Ha 


RCN Br- 


H2 
C 

HjC'^ %H2 

\ 

R CN 


h 


HaBr 


’’Hofmann, Ber., 14 , 659 (1881); Merlino, Ann., 864 , 310 (1891). 
**v. Braun, Ber,j 48 , 2864 (1910). 
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the ring, the piperidine nucleus remains intact, as shown below: 
CfiHioN R C6HioN+*(R)CNBr CeHioN CN + RBr 


This reaction^® is general for all tertiary amines, whether or not in a ring 
system, and the tendency for elimination of a radical as RBr without 
ring opening decreases as R is an allyl, benzyl^ methyl, ethyl, propyl, 
isopropyl, or phenyl group. In other w'ords, the ease of opening a ring 
is greatest with N-phenylpiperidine and least with N-alkylpiperidine. 

Bicyclic systems with the nitrogen attached to both rings are con¬ 
verted to substituted piperidines by this reagent. Such application has 
already been mentioned (Fig. 1). The bromocyanide product may also 
be reduced catalytically to an aminoalkane in methyl alcoholic potassium 
hydroxide. When the cyanide is treated with concentrated hydro¬ 
chloric acid, the corresponding chloride salt forms. 

Oxidizing agents readily attack the piperidine nucleus. Hydrogen 
peroxide®^ converts it to an aminovaleraldehyde, and permanganate®* 
changes benzoylpiperidine to a-aminovalerianic acid. Both products are 
convertible again to ring structures by dehydration. 


* 3 % HiOa. 


KMn04. 



Dehydration. 


Reduction with hydriodic acid®® at 300® eliminates nitrogen from 
piperidine and forms the corresponding aliphatic hydrocarbon. 

2-Methyl-A®-tetrahydropyridine has a carbon-nitrogen link of the 
type —C=C—NH—,which is broken with extreme ease. For example, 

the application of a Schotten-Baumann reaction causes ring opening with 
«v. Braun, iUd., 40 , 3914, 3933 (1907). 

s® WiNTERFELD and Holschneider, ibid.^ 64 , 137 (1931); c/. Ref. 27. 

” WOLPFENSTEIN, iUd., 25 , 2777 (1892); 26 , 2991 (1893), 

»» Gabriel, ibid., 22, 3335 (1889); 28, 1767 (1890). 

Spindler, J, Rubs. Phys. Chem. Soc., 23 , 40 (1891); J. Chem. Soc.. 64 , 174 (1893). 
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formation of the benzoylated amino ketone.^® This change boars some 
resemblance to that which occurs in the imidazole series where another 

(I::Hs),ch==(i]s}h 4 ((!:hj),chj— co i!rHC(0)c,H. 

CHa CHa 

« NaOH -H 061150(0)01. 

vinyl amine system exists (see Chap. 13). Equally remarkable are the 
changes that occur when the N-methyl derivative of this tetrahydro 
piperidine is treated with aqueous formaldehyde at 0°. The ring appar¬ 
ently opens, and the resulting ketone seems to undergo an intramolecular 
Mannich reaction with formaldehyde. The product is a jS-acetylpiperi- 
dine^^ (see below). 



Proof of this structure is given by reduction (sodium and alcohol) of the 
ketone to an alcohol, elimination of water (hydrocjhloric acid), and 
reduction (tin and hydrochloric acid) of the vinyl derivative. The 
product is identical with that prepared by reduction of /3-ethylpyridine 
and methylation of the product.^^* When dimethylpiperidinium halide 
is heated until the ring is cleaved and the product is treated with hydro¬ 
chloric acid, a dimethylpyrrolidine results. Besides the value which these 


CHr-CH2 


((^H2)3—N+X- 
(CH,)2 

a Heat. » HCl, NaOH, 


CH=CH2 b CH—CH, 

(<*:H,)r-N ^ 1 'X 

(CH,), (CH,)j—NCH, 


methods of ring opening have in the determinations of structures, they 
are very useful for synthesis of open-chain compounds. The products 
may be alkanes, 1,5-dihalo compounds, halogen amino compounds, 
unsaturated amines, amino aldehydes and ketones, depending on the rea¬ 
gent used. Such reactions illustrate once again the way in which hetero¬ 
cyclic systems can be used for preparing nonheterocyclic compounds. 

Apart from these numerous examples of ring opening, piperidines 
have the usual reactions of a secondary amine. The ease with which 
the parent compound can be obtained pure causes it to be used in a large 
^oLipp, Ann., 289 , 173 (1896). 

« (a) Lipp and Widnmann, Ber., 88 , 2276, 2471 (1906); Ann., 409 , 96 (1916); (6) 
^TQEaa, J. jtrakt. Chem. [2], 48 , 163 (1890); 46 , 20 (1892), 
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number of reactions in which any other secondary amine might serve 
equally as well. 

Piperidine Compounds.— Piperidine, the simplest member of this 
group, boils at 106® and freezes at —9®. It has a strong odor and affects 
the central nervous system. It is a stronger base than pyridine. It is 
commonly prepared by reduction of pyridine but can be synthesized by 
several of the methods already described. 

Piperidine has a wide number of uses in the laboratory. It is an 
effective catalyst in many condensations where water must be split from 
reagents. The Knoevenagel reaction described in the previous chapter 
(page 187) is an example of its ability to effect a union of molecules 
where the use of a primary amine would have caused tlie condensation 
to have progressed to the pyridine state. As a reagent^- for splitting 
hydrogen halide from a molecule, it is superior in many cases to alcoholic 
ammonia, aromatic amines, alkali hydroxidcis, etc., and the product of 
such reaction is less apt to be contaminated with by-products. 

Piperidine, like organic bases and phenols, has a marked effect in 
preventing oxidation^* of synthetic rubbers. It also promotes combina¬ 
tion of more sulfur during vulcanization. Piperidinium pentamethylene 
dithiocarbamate, made by the action of piperidine on carbon disulfide, is 
more convenient to use because it serves as a solid equivalent of piperi¬ 
dine. In the presence of zinc oxide, the piperidinium compound is, in 
fact, even better than piperidine and causes vulcanization at least twenty- 
five times as fast. 

Piperidine is an excellent agent for the preparation of derivatives^^ 
of aromatic halogen nitro compounds where the halogen is ortho- or 
para- to the nitro group and, therefore, sufficiently labile to be replaced by 
the piperidino radical. Tjabile nitro groups may be similarly displaced.^^ 

Piperidine is also used frequently as a condensing agent in the Man- 
nich reaction. Its role is that of any secondary amine that facilitates 
the union of a compound with an active hydrogen atom, such as is present 
in methyl phenyl ketones, with formaldehyde. 

HCl 

RH + H2CO -h HNCfiHio -^ R—CHz NOsHio HCl + H2O 

Homologues of piperidine are given names that suggest the common 
names of the pyridine compounds from which they are derived. For 
example, a-, jS-, or 7 -pipccoline refers to hexahydro-a-, -jS-, or - 7 -picoline. 
Similarly, lupetidine means hexahydrolupidine. Copellidine is the 
hydrogenated copelline. Parpevoline is from a parvoline. Conyrine ( 2 - 
propylpiperidine) is the hydrogenated coniine. 

FJjvre and Turner, /. Chem. Soc,, 1113 (1927). 

43 WniTBY and Katz, Ind. Eng, Chem., 25, 1204, 1338 (1933). 

** Seikel, /. Am. Chem, 80c., 62, 751 (1940); qf* Ref. 42. 
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Piperine, CnHijO.N (m.p. 128 to 129.5°), C6lIi«N-C(0)CH = 
CHCH—CH 

CH 2 occurs to the extent of 5 to 9 per cent in 



\)/ 


wliite and black commercial pepper. It is an amide of piperic acid,^® 
Permanganate oxidation of this acid yields piperonal, CH202-C6H8CH0, 
and on further oxidation pipcronylic acid, CH 202 -C 6 H 8 C 00 H, the struc¬ 
ture of which is proved l)y its synthesis from methylene iodide and 
protocatechuic acid, (HO) 2 CeH.zOOOTii, Preparation of pipenc acid 
starts with protocatechuic aldehyde, (HO) 2 C 6 H 8 CHO, and by means of 
methylene iodide and potassium hydroxide progresses to piperonal, from 
thence to piperonal acrolein, CH202*C6H8CH = CH—CHO, by con¬ 
densation with acetaldehyde in the presence of dilute alkali, and finally 
to piperic acid by a Perkin condensation with acetic anhydride and 
sodium acetate. The amide is then made from the acid chloride and 
piperidine. 

Natural pepper contains chavicine also which is acis-cisisomer of piper¬ 
ine. The natural peppery compounds are principally amides in which 
the acid radical is unsaturated and the nitrogen-containing portion is 
piperidine. Saturation of an acid radical may eliminate the pepper taste. 
Synthetic products are constructed on this general principle.**® Unde- 
cylenic, isodecylenic, decanoic, nonanoic, and piperonylic acids are out¬ 
standingly effective. A cis arrangement as in chavicine (cis-cis) is better 
than the isomeric trans as in piperine (trans-trans). Isobutylamine, 
vanillylamine, and piperidine are amino cobiponents foijnd in natural, 
products. The synthetic piperazine can replace piperidine. According 
to Staudinger, a peppery taste is best obtained with derivatives of 3- 
phcnylvaleric acid. In the first World War, synthetic peppers were 
made by impregnating powdered clay or nut shells with a synthetic 
piperidide made from the reaction of piperidine with the acid chloride of 
5-phenyl-2-pentenoic or 5-phenyl-3-pentenoic acid. 

Coniine and the Hemlock Alkaloids. —The five hemlock alkaloids are 
of special interest not alone because the ancient Greeks administered the 
death penalty with hemlock juice but also because Ladenburg, in 1886, 
synthesized coniine, which was the first optically active natural alkaloid 
to be prepared in the laboratory. Although the preparation is now 
considered a very simple one, the study of these alkaloids laid the ground 
work for much of the present-day knowledge of pyridine and piperidine 
chemistry. 


♦®Ladenbxjbg and Scholtz, Ber., 27, 1968 (1894); ReoHEiMEB, ibid,, 16, 1390 
(1882). 

Sai^debmann, Seifensieder Ztg,, 68 , 41 (1941); C,A,, 86 , 2996 (1941). 



PIPERIDINE AND RELATED COMPOUNDS 


245 


Coniine^ with other related alkaloids, is found in all parts of the 
plant {Conium masculatum),*'^ The percentage is highest in the partially 
ripened fruit of the two-year old plant, where the content may reach 0.8 
per cent. The finely ground seeds, well moistened with 15 per cent 
caustic soda, are extracted with ether. The ether solution is acidified 
with acid, the ether evaporated, and the solidified fat removed from the 
cooled mixture. Coloring matter is separated from the aqueous solution 
by extracting with ether. Strong (35 per cent) sodium hydroxide is then 
added, the alkaloids are extracted with ether and are recovered by 
fractionation. 

Crystals of coniine were first obtained^* as early as 1827. The 
structure was suggested by Hofmann^® w'ho determined its molecular 
weight, obtained conyrine, now knowm as a-propylpyridine, by zinc-dust 
distillation, and oxidized conyrine to a-picolinic acid, thus establishing 
the position of the propyl group. Ladenburg^s^*^ synthesis consists 
of the condensation of a-picoline with paraldehyde by means of zinc 
chloride at 250°, reduction with sodium and alcohol, and resolution into 
the natural d form with tartaric acid. The condensation at 250° was 
later improved by making it stepwise, first to the hydroxyl compound 
C 5 n 4 N-C^H 2 CH(OH)CH 8 at 150° and thence to the olefin at 185° for 10 
hr. with hydrochloric acid. Some 2-chloropropylpyridine is formed as 
well. Both products are reduced with sodium and alcohol. 

Coniine^^ is a colorless, oily liquid that boils at 166 to 167° and solidifies 
to a soft crystalline mass at —2°. It is optically active ([aj,] -f- 15.7°), 
has a mousy odor, and darkens on exposure to light. It is very poisonous 
and produces paralysis of the motor-nerve terminations as w^ell as other 
effects,®^ Its lethal activity is due to respiratory paralysis. N-methyl 
coniine, C9H19N, occurs in hemlock in both the d and I forms and results 
from methylation of coniine with methyl sulfate^® or formaldehyde and 
formic acid.®'* 

The optically inactive 7 -coniceine (b.p. 171 to 172°), C 8 H 15 N, has 
the structure 


CH^CCHjCHsCHa 

(iHj)rNH 


It can be derived from coniine by bromination and treatment with 
alkali. The conventional synthesis of tetrahydropyridines is applicable 
Chemnitius, J, prakt. Chem. [2], 118, 25 (1928). 

Giesecke, Arch. Pharm.^ 20, 97 (1827). 

« Hofmann, Ber., 14, 705 (1881); 18, 5109 (1885). 

mLadenbubg, ibid., 19, 439, 2578 (1886); 89, 2486 (1906); 40, 3734 (1907). 

**The Merck Index,Merck and Co,, Ilahway, N. J. 

Henry, Plant Alkaloids,” The Blakiston Company, Philadelphia, 1939. 
MpAssON, Ber., 24, 1678 (1891). 

Hess and Eickel, ibid., 60, 1386 (1917). 
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to its preparation from a-phthalimidobutyl propyl ketone.®® The com¬ 
pound is claimed to be eighteen times more active than coniine.®^ 

The two oxygenated hemlock alkaloids are conhydrine^^ and pseudo-^ 
conhydrine both with the formula CgHnNO and with the following 
probable constitutions: 



Conhydrine yp Conhydrine 


Chemical action on coniine and its related alkaloids has produced a 
number of isomeric compounds of the composition CbHisN. These 
substances are called coniceincs'^^ and are distinguished as a, jS, 7 , 5, c, and 
lai-gely according to the order of their discovery. 
y-Coniccinc, as already mentioned, occurs naturally. Fuming 
hydrochloric acid at 220 ° produces the or-, jS-, and 7 - isomers from con¬ 
hydrine.®^ The a-isomer has been considered both a mixture and the 
stereoisomeric form of 2 -methylconidine,®“ otherwise called econiceine. 

CHo—CH—CH2 

—incH, 


The i3-isomer is 2-allylpiperidine, C 6 HioN*CH 2 CH = CH 2 . 4-Coniceine®^ 
is derived by dehydration of 4-conhydrine. Inactive d-coniceine (b.p. 
161°, picratc m.p. 206°), also called piperolidine, can be prepared from 
a-picoline®^ by the sequence of steps shown below. Hofmann^s synthe- 


112 


H2 



« CC1» Clio, ale. KOH, Na+ abs. ale. ^ Heat on water bath to ioim the amide, 2-piperolidone, by 
intramolecular condensation, Na + alcohol. 


sis, by bromination of coniine at —16°, followed by sulfuric acid at 140°, 
antedates the above method, but the structure of the product was not 
then known. Another method of preparation is given on page 235. 

** Gabriel,’ ibid., 42, 4059 (1909). 

’ Spath and Adler, MonaUh ,, 68, 127 (1933). 

Spath, Kufpner, and Ensfellner, Ber ., 66, 591 (1933). 

Hofmann, ibzd ., 18, 16, 27, 112 (1885). 

*»L5pfler and Tschtjnke, ibid ., 42, 929 (1909). 

•oLoFFLEE and Friedrich, ibid ., 42, 107, 946 (1909). 

•^LOffler, ibid ., 42, 946 (1909). 

<^‘L6ffler and Kaim, ibid ., 42, 94 (1909). 
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Belladonna Alkaloids. —The belladonna group of alkaloids, found in 
plants of the order Solanaceae, contains chiefly i-hyoscyamine and 
scopolamine with other minor alkaloids. UHyoscyamine is most abun¬ 
dant, but hydrolyzes readily to the d^l mixture, atropine, during extrac¬ 
tion. Atropine is present in limited amounts in nature. 

The piperidine structure of this alkaloid is emphasized in the accom- 



CH, 

Aliopino 


panying formula. The other alkaloids, both natural and synthetic, in 
the group have this same basic structure but with changes on the carbon 
atom next to the phenyl group, on the 2,G-bridge across the piperidine 
ling, or at the nitrogen atom. Some of the variations are indicated 
in Table III. 

These drugs®*^ have been known sincjc early times. In fact, the name 
of the plant belladonna (beautiful lady) is a historical reminder that 
women of antiquity used a decoction in their ey(\s to dilate the pupils. 
The modern use is similar, though unrelated to beauty. 


Table HI. —Atropine and Related Compounds 


Substituent at 
carbon atom 

Stibstituent on 
N atom 

2,6-bridge 

Common name 

—CH2OH. 

.CHa 

—CIIaCHz— 
/^\ 

Atropine 

—CH2OH. 

—OPiz 

—HC - - CH— 

Hyoscine or scopolamine 

—OH. 

—CH, 

—CH2CH2— 

Homotropine® 

—OH. 

—CHa-HBr 

—CHsCHs— 

Novatropine® 

—CH2OH. 

—CHa-HNOa 

—CH2(^H2-~ 

Eumadrine® 

—OH. 

—CHa 

—CH3 HaC— 

Eucot repine 


« Atropine substitute, usually prepared from tropinone. 


Concentrated hydrochloric acid at 130® or barium hydroxide at 60® 
cleaves atropine into tropino, CsHisNO, and tropic acid, C9H10O3. The 
structure of tropic acid was readily solved and its preparation®^ from 
acetophenone effected in 1880 by the sequence of reactions shown below. 


CH, . 

'CHs b 

[CHa c 

fCHa d 

f=CH, . 

fCHaOH 

RCO — RC 

Cl RC 

OEt RC 

OEt -^RC 

->RC 1 H 


[ci 1 

CN 

[COaH 

[CO,H 

1002H 


R » OfHi. « PCI*. > KCN in EtOH. « H 2 O. Boiling cone. HCl. • BCl, KaCOi. 

** Goodman and Gilman, ‘‘Pharmacological Basis of Therapeutics,” The Mac¬ 
millan Company, New York, 1941. 

^^Laqenburo and UOoheimer, B«r., 13» 376, 2041 (1880). 
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The structure of tropine was much more difficult to solve. From 
the great number of degradations that necessarily accompany all efforts 
to determine structure, a few having the most direct bearing on the 
problem can be culled, (a) The presence of a pyridine nucleus®® is shown 
by reduction of tropine with hydriodic acid at 140® to hydrotropidine, 
CsHibN, the chlorohydrate of which yields norhydrotropidine, C7H13N, 
when distilled, and this last compound, in turn, yields 2-ethylpyridine 
with zinc dust. (6) The presence of a secondary alcohol®® is shown by 
oxidation with chromic acid to tropinone, CsHisN, which forms an oxime 
that reverts to tropine when treated with zinc dust and hydriodic acid. 
(Magnesium powder and strong hydrochloric acid yield, however, 
tropine.) (c) The presence of a tertiary nitrogen atom is shown by 
exhaustive methylation (CHaI,KOH) which gives trimethyl amine from 
either tropidine or tropinone. (d) The presence of two active methylene®^ 
groups (system-H 2 C— CO —CH 2 ~) is indicated by the formation of a 
dibenzylidene derivative from tropinone. (e) The existence of a chain 
of seven carbon atoms®® (which accounts for all the carbon atoms except 
that in the NCHa group), and the presence of double unsaturation where 
the MeN group has been extruded is shown by the following sequence: 


C^HuNO aHi8N04 C6H6(C02H)2 H02C(CH2)6C02H 

Tropine Tropinio acid Pimelic acid 

^ CrOi + H2SO4. ^ Exhaustive methylation. Trimethyl-amine and methanol are also obtained 
in this step. « NaHg. 

(/)„ Presence of a five-membered ring system is shown by conversion of 
the tropinic acid, formed in the above sequence, to N-methyl succinimide. 


CO2H 

H,<^ Hs Hj COiH 

\/ 

OH, 

« Concentrated chromic acid solution. 


H2C—CH2 
00 "^ ^00 

V" 

CH, 


These conclusions were confirmed by the classical synthesis of 
Willstatter.®® 

«*Ladejnburg, Ann,, 217, 117 (1883); Ber,, 20, 1647 (1887). 

««(a) WillstXtteb, ibid,, 29 , 393 (1896); (6) EichengbUn and Einhoen, ibid,, 
28 , 2870 (1890); (c) Willstatteb and Iglaubb, ibid,, 83 , 1174 (1900). 

•7 WillstXtteb, ibid,, 80 , 731, 2679 (1897). 

M WillstXtteb, ibid., 28 , 3271 (1895); 81 , 1634 (1898); 84 , 129, 3163 (1901); 
Ann,, 817 , 204, 267, 307 (1901); 826 , 1, 23 (1903). 

WillstXtteb, Ber,, 84 , 129, 3163 (1901); Ann., 817 , 204, 267, 307 (1901); 826 , 
1, 23 (1903). 
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The 22 steps from suberonc are summarized below. The series is 
interesting beeause of the great patience and skill required. By contrast, 
the great simplication in the preparation of members of this series effected 
by Robinson in his tropinone synthesis is more evident. 


H2O—CHr-CHs HaC—CHr-Cqia mC-~cn-=CR 


io 


H2C—CH2—(^H2 BiC-CJhr-h 

Suberone 




CH 


H2C- 


H nC~CR—CR 

Cyclohcptcne Cycloheptatrine or 'I'ropilidene 

II n 

c-cqi2 H2(^-c-(^H2 H2C- 

J ^ I 1 « ■ 

CH NCIIs CH -► 


H 

-C- 


-CII2 


N(CHs )2 


RC 


R 

a-Methyltropidine 


-CH H2C- C -C^H H2( 


H 

Tropidiue 


-C-CH2 


H 

Tropinc 


« Hydroxylamine to foirn the oxime, 1 eduction, exhauMtive meth>laiion. ^ Br^, HN(CH») 2 , exhauh- 
tiv© inethylation. Bra, treatment with quinoline. <* llBr, NII(Cllj)i. 1,4-Heduftion by sodium 
and alcohol, addition of bromine to the double bond, model ate heat to cause the foimation of the 
Bocond ring by ammonium salt foimation, NaOH to eliminate IIBr, CHil to form the iodide salt, 
AgCl to leplace iodine by chlorint*, heat to iemo\e CllsCl. '* Addition of HBr to double bond, hydrol¬ 
ysis of bromide by lljO -f* H 2 SO 4 to form ^^-tropine, oxidation by chromic acid to form trot>inoiie, 
reduction by zinc dust Zn + HI at 0® to tropin©. Pseudotropme is a stereoisomer of tropine. 


Synthetic substitutes (Fig. 3) for atropine have, in general, the same 
general structure as atropine itself. Tropinone is a favorite starting 
point from which to obtain compounds of this class. 

Cocaine and Related Compounds.— Cocaine^ Ca 7 () 2 i 04 N, is hydrolyzed 
to’ecgonine which, in turn, is derived by treating the sodium salt of 
the enol form of tropinone with carbon dioxide (Kolbc synthesis) and 
then reducing the double bond with sodium amalgam.^® The structure 
of cocaine is, therefore, apparent. 


HOII 


H 2 

H 



H 02(X\H6 

, HC^OaCH, 



Cocaine is obtained from the leaves of Erythroxylen coca and related 
plants, found originally in Peru and Bolivia and cultivated in Java.®^ 
Besides cocaine, the plant contains other eegonine esters, such as cin- 
namoylcocaine (methyl cinnamoylecgonine), which is apt to be present 
in younger leaves, and a- and /3«truxilline (methyl a- or jS-truxilloylecgo- 
none) which are eegonine < sters of truxillic acid,^^ a compound with a 
ring of four carbon atoms which changes to cinnamic acid when distilled. 
Minor alkaloids are present also. 

WillstAttbr and Bode, Bcr., 33, 411 (1900). 

Liebermann and Drort, ibid.y 22, 126, 682, 2254 (1889). 
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H H 

CeHfiG-CCO 2 H 

HOjCC^-ic.IlB 

H U 

a-Truxillic acid. 


H II 

CcHsC-CCOOH 

CcH ^;—<!)cooh 

H H 

/l-Truxillic acid. 


Cocaine is used medicinally as a local anesthetic. The native Indian 
runners were accustomed to chew the leaves of the plant from which the 
alkaloid was obtained, because the alkaloid lessened hunger, by local 
action on the gastric mucosa, and increased endurance.®* 

Efforts to obtain a local anesthetic less toxic and with a longer period 
of anesthesia than cocaine have centered chiefly on the preparation of 
esters of benzoic or substituted benzoic acids in which the amino group 
of the alcohol is separated from the benzoyl radical by two or three 
carbon atoms similar to the C 6 HBC 02 CCCN-unit in cocaine. 

Cocaine and a few substitutes are shown below. 


Cocaine 


Tutocaine 


Benzoic 
acid part , 


p-NH2CeH4C02! 


_Amino alkyl parj^ 

—<!)HCH2CHNCH3lceH902 


-CHCHrH2N(f^H3)2 
HsC CHs 


Mitycaine’* 

Procaine (Novocainc) 
Pantocaine 
Nupercaine 
Diothane 


CeHfiCOa 

P.NH 2 C 6 H 4 CO 2 

p-C4ll9NHC«H4C02 

2-C4H90C9H6N-4.C(0)NH 

CeH 6 NHC 02 


CH2CH2CH2N(CH2)4-n 

H^::(CH,)— I 

1 —CH2CHjN(CjHs)s 

-OHjCHsNCCH,)* 
-CH2CH2 N(CsH,)j 
-CHCH2N(CH2), 


/ 




H20C(0)NHCeH« 


These products are prepared by standard methods of esterification. 
Novocainey for example, is derived from p-aminobenzoic acid, ethylene 
chlorohydrin, and diethylamine. The various piperidine radicals can 
be obtained easily by methods already described. The /S-piperidyl- 
carbinol in the last example is obtained from ethyl nicotinate by reduction 
with sodium and alcohol. The aminobenzoyl radicals are obtained by 
use of p-nitrobenzoylchloride during esterification, followed by catalytic 
reduction of the nitro group with the aid of platinum oxide. No definite 
relationship between physiological activity and structure appears to 
exist. 


” (a) Bailby and McElvain, J, Am. Chem. 80c., 52, 1633 (1930); (b) Wjlvtbbb 
and McElvain, ibid., 55, 4625 (1933). 

« McElvain, 4S, 2836 (1927); cf. Ref. 72a. 

Sandbobn and Mabvel, ibid., 60, ^ (1928); Marvel and Shelton, ibid., 61, 
916 (1929).' 




PIPERIDINE AND RELATED COMPOUNDS 


251 


Pelletierine and the Pomegranate-bark Alkaloids. —The root bark 
of the pomegranate tree contains ^p-pelletierinej^^ C 9 H 16 ON, and other 
alkaloids which are obtained after basification of the ground bark with 
slacked lime and extraction with chloroform. The root bark, and more 
particularly the mixed alkaloids in the form of ^^pelletierine tannate’^ 
and ^^pelletierine sulfate/^ are used as anthelmintics. The active prin¬ 
ciple is probably pelletierine, the name of which is derived from the 
French investigator on alkaloids, Pelletier. 

The formula^*^ for ^-pelletierine, called also N-methylgranatonine, 
was arrived at by noting that its reactions and those of tropinone were 
so nearly parallel that the former must be the next higher homologuc. 
Synthesis is accomplished by Robinson’s method (see page 239). 




H 

-C- 


CH2 

Hac') OHaN C^O 


H2C 


H 


-CH2 


Pelletierine^ CsHibON, boils at 106®/21 mm. It is isolated as the 

mixture. The oxygen atom is in an aldehyde group whose oxime, 
with phosphorus pentachloride, yields a nitrile which in turn is hydrolyzed 
to the known i3-2-piperidylpropionic acid and whose hydrazone, with 
sodium ethoxide at 156 to 170°, splits to d,Z coniine. Pelletierine is 

therefore /3-2-piperidylpropionaldehyde.'^® (Cn 2 ) 4 NnCH(CH 2 ) 2 CHO. 

Arecoline and the Areca Nut Alkaloids. —A recoline is the chief alka¬ 
loid in the areca (betel) nut. The seeds, mixed with lime and betel 
leaves, are widely used by the natives of East India in a masticatory 
mixture. Salivation is increased, the saliva is turned blood red, and the 
teeth are rapidly blackened. The chewer experiences a pleasing sensa¬ 
tion of contentment. Craving for the drug becomes intense, but the 
habit is not degenerating.^^ The ground areca nut is used in India and 
China as a vermifuge, and in Europe for a similar purpose in veterinary 
medicine. 

The compound is an odorless oil that boils at 209°. It is the methyl 
ester of l-methyl-A®-tetrahydropyridine-3-carboxylic acid. The rela¬ 
tionship to nicotinic acid is shown by methylation of potassium nicotinate 
to give the N-methyl derivative of ethyl nicotinate, which in turn is 

^CiAMiciAN and Silber, Ber,, 26, 1601 (1892); 26, 159, 2740 (1893); 27, 1851, 
2860 (1894); 29, 482 (1896); Real Accad. Lincei [V], ii, 219 (1899). 

^“Hess and Eichel, Rer,, 60, 1192 (1917). 

Lb WIN, ‘‘Phantastica, Narcotic and Stimulating Drugs,” E. P. Duttou <fe Com- 
pany, Inc,, New York, 1931; cf. Ref. 52. 



252 


THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS 


reduced to a tetrahydro compound as well as a hexahydro product. The 
tetrahydro compound is optically inactive as is also the natural product. 

Synthesis starts with acrolein and proceeds^® by steps that parallel 
somewhat those for formation of /S-carbethoxy-y-pyridones, except for 
the use of the acetal instead of the ester and the employment of a different 
condensing agent. 


CHO (;H(OEt)2 
a ('’Hj 
IjHj 


, Ha 1 '^'^ COsCn, 

OH, (;h, 


® H('l + KtOH. HjNClIs at 125 to 135®, cold fuming HCI to close the ring. «■ lENOH, dehydra¬ 
tion, hydiolysis with HCI + H 2 O, esterification by HCI -f MeOH. 


The acid derived by hydrolysis of arecoline is called arecaidine. 
Gmacine is A’^^-tetrahydropyridine-S-carboxylic acid. 

The Lobelia Alkaloids. —These compounds are found in the lobelia 
herb, which is known by many common names, such as Indian tobacco, 
emetic weed, asthma weed, bladder pod, or vomit wort. The chief 
alkaloid is lohelinej C 22 H 27 NO 2 (m.p. 130 to 131°). It is used as a respira¬ 
tory stimulant. 

Oxidation of lobeline with chromic trioxide in acetic acid yields the 
closely related lobelanine, C 22 H 26 NO 2 . Nascent hydrogen converts both 
compounds to lobelanidine, C 22 H 29 NO 2 . Lobelanine by zinc-dust distil¬ 
lation gives acetophenone; by a Beckmann rearrangement (SOCI 2 ) of its 
dioxime derivative, it yields the dianilide of lobelinic acid (1-methyl- 
pi peri dine-2,6-diacetic acid); and by oxidation (chromic oxide and sulfuric 
acid), it gives l-methylpiperidine-2,G-dicarboxylic acid (scopolinic acid). 
Exhaustive methylation (CH3I, Ag20) yields, in one step, trimethylamino 
and a compound which, V)y hydrogenation with palladium black in acetic 
acid, gives l,9-diliydroxy-l,9-diphenyl-ii-nonane, or with the same 
catalyst in ethanol gives 1,7-dibenzoyl-n-heptane. These results are 
logically interpreted^® on the basis that lobeline has the formula shown 
below and that lobelanine is the diketo product derived by oxidation 
of the secondary alcohol. 


o I o 

(;h2c; 


H l]'YL 
Hb 


OH 

HCeHfi 


Synthesis^® of compounds in this swes begins with a condensation 
of 9 thyl glutarate with acetophenone by means of sodamide. The 

WoHL and Johnson, Ber.f 40 , 4712 (1907). 

WiELAND and Draoendoeff, Ann., 478 , 83 (1929). 

WiBLAND and Deishaus, ibid.^ 478 , 102 (1929). 
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tetraketone then undergoes ring closure when treated with ammonia 
and the product is reduced readily in two steps to norlobelanidine. 
Robinson^s method may also be used.®^ 

CIICH2CH{On)C6H6 

cOaEt C(0 )ch 2C(0)C6H6 y 

(i'Hj), A (in*), 4 (ck,), NH 

(^;( 0 )CHjC 0 CeH 6 \ y 

(’H{’H 2 (;n(OH)r,Ht 

« CHiC’(0)CeH6 + NHs. NITd to foim a- and /S-noilobelanidiru', loduction of tho two carbonyl 
groups by Hi over PtOi, reduction of tlie two olefin bonds by Nallg in moist ethei. 

Lupine Alkaloids and Norlupinane. (Octahydroquinolizine).—The 
lupine alkaloids occur in plants of the genus Lupinus angusiifolius of 
which the most common species is L. albas. The species L. pcrennis is 
commonly called sundial because the leaves turn toward the sun. The 
plants contain lupinine/^ CioHigOX; sparteine, C 16 H 26 N 2 ; lupanine, 
CuH 24 ()N 2 ; and hydroxylupanine. Lupanine occurs in the dextro and 
the inactive form in L. albus^ and in the dextro foi m in L. angusiifolius. 
The inactive variety can be readily isolated from L. lermis wdiich is 
native in North Africa and Syria. 

The simplest member, lapinine, probably has the structure®^ shown 
below. The nitrogen atom is known to be tertiary and attached to both 


H 2 
II2 

Lupinine 



H, O 
X’/ 


Hi „ H C'HsOH 

IIj(X \( / 


\c c/ 

H, U2 II2 II2 

Degradation products from lupinine 


rings since it requires a threefold methylation with methyl iodide to 
eliminate trimethyl amine from the molecule by exhaustive methylation. 
The oxygen atom is in a primary alcohol since oxidation with chromic 
acid produces C\oHi 7 N 02 . By the sequence of reactions for elimination 
of nitrogen, the alkaloid®® is converted to the unsaturated alcohol 

( C^H OH 

Oxidation of this material gives a lactone C 9 H 16 O 2 

LJrl— 0 x 12 . 

which necessarily must be a 3- or 7 -lactone. Therefore the CH 2 OH group 
in the original alkaloid must have been in the delta or gamma position 
from the nitrogen atom. The unsaturated alcohol and its hydrogenated 
(H 2 + Pt) derivative are optically active. Conversion (PBrs) of the satu¬ 
rated alcohol to the bromide and thence by reduction (zinc dust, alcohol, 

CH 

and a drop of platinic chloride) to the hydrocarbon, C 7 H 14 

(0x12—Lils, 

Clemo and Lkitch, J. Ckem. Soc.j 1811 (1928). 

” WillstXtter and Fourneau, Ber., 36, 1910 (1902). 

Karrer, Canal, Zohner, and Widmer, Hclv. Chim. Acta^ 11, 1062 (1928). 
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is accomplished with retention of optical activity; but formation of a 
trimethylammonium salt from the above bromide and from thence an 
unsaturated system by the customary degradation process destroys the 
optical activity. Hence the position of optical activity in the alkaloid 
must be on the carbon atom adjacent to the carbinol group. Ozoniza- 
tion of the last unsaturated compound yields a ketone that is optically 
inactive. A Beckmann rearrangement of the oxime derived therefrom 
then produces an acid amide that splits (HCl) to n-amyl amine and 
n-butyric acid. All these changes are understandable if the ketone 
and the original unsaturated alcohol are as shown, respectively, above. 
The possibility that one or both of the rings is five-membered with a 
methyl substituent on a carbon next to nitrogen is not excluded by this 
work, but the above arrangement is deemed more likely because it is 
similar to the ring system in the berberine alkaloids (page 319). 

The parent ring of such a compound would be octahydroquinoHzine, 
known also as norlupinane^ octahydropyridocolone, or azabicyclo[4,4,0] 
decane. It can be prepared^® from lupinine by chromic acid oxidation 
to liipininic acid and thence by decarboxylation of the hydrochloride 
over hot soda lime. The synthesis of norlupinane is of more than 
ordinary interest because of the variety of synthetic methods avail¬ 
able, and because of an abnormal reduction that invalidated one of the 
attempts. 

One of the successful methods has already been presented (page 236) 
as part of the reactions stemming from the addition of ethyl acetylene- 
dicarboxylate to pyridine. Two others are given in Fig. 5. 

If the keto compound in Clemons synthesis is reduced by zinc and 
hydrochloric acid (Clemmensen's reduction) instead of by hydrazine 
sulfate, the product is not norlupinane, but the isomer, 1-azobicyclo- 
[5,3,0] decane.^^ The proof of the product from this very unusual change 
is given by the synthesis shown below. 


CO*Et 

EtO(CH2).(!:;(CH2),OEt 

(!y 02 Et 


H 

EtO(CH2)6C(CH2)sOEt 

CO 2 H 


CH 



(CH 2 ), 


The starting material is made from ethyl malonate by successive reactions with EtO(CHs)iBr and 
EtO(CH«).Br. 

« 50 per cent KOH, HX, heat. ^ Cone. HsSOi + NaNi in CHCli, HBr, 60 per cent HBr at 100® 
for 3 hr. 


The peculiarity exhibited in the above-mentioned Clemmensen 
reduction does not extend to all keto groups in bicyclic systems, for 

Preloq and Seiwbrth, Bcr., 72, 1638 (1939). 



PIPERIDINE AND RELATED COMPOUNDS 


255 


OH H 



The starting material is prepared from a-picoline by permanganate oxidation and Ohterification. 
R ” CjH# in the Winterfeld and Holschneider synthesis; R =* H in the Cloino synthesis. 

Wintcrfeld and Holschneidei synthesis.*® 

« Reaction with N-methylbtityrolactone and sodium ethoxide, in benzene solution. 

^ Fuming hydrochloric acid which opens the lactone ling and eliminates carbon dioxide, benzoylatioii 
with the Schotten-Baumann reaction, reduction with hydrogen and platinum oxide in acetic acid. 

‘Reaction with phosphorus pentabromido wliich eliminates the benzoyl gioup as benzonitrile and 
the methyl as methyl bromide (c/. page 240), ring closure with sodium ethoxidc. 

* Hydrogen in the presence of palladium on calcium carbonate in alcoholic potassium hjdroxide. 

Clemo synthesis.** 

* Sodium in boiling amyl alcohol to reduce the ring, absolute alcohol with sulfuiic acid to estcrifj, 
reaction with 7 -bromobutyronitrile and anhydrous potassium carbonate. 

/ Reaction in absolute alcohol saturated with dry hydrochloric acid 
Ring closure by reaction with finely divided sodium in toluene fDieckmann rcar^tion), 20 per cent 
sulfuric acid and heat to hydrolyze the ester and eliminate the carboxyl group. 

* Wolflf reduction. 

Fig. 5.—Sequence of product's in the syntlic.sis of norlupinane. 


the formation of norlupinane*® from 2-kctoquinolizine shown below is 
normal. 


(C^ 


H 

C—CHaCOzEt 


H 

C—CH 2 


H 

C 


. / 

\ • / 
(^==0 ( CH 2)4 

- (Cfl,), 

\ 





\ 




N(CH,),C0,Et N(CH,), N 

o Na in boiling toluene, acidification, and decarboxylation. ^ Zn + HCl. 


Quinuclidine. —This compound, CioHisN is the parent of the bicyclic 
system in the quina alkaloids. Like many others of its kind, it has a high 

WiNTKRFiQLD and Holschneidkb, .4nn., 499, 109 (1932), 
w Clemo, Metcalfe, and Raper, Chem, /Soc., 1429 (1936); cf. Ref. 25. 
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melting point, 158®, and is very volatile. It has been synthesized in a 
number of ways, some of which have already been given on pages 235, 237. 
Two additional methods are outlined below. 

H (CH 2 ) 2 l H H COjEt 

H2^>^^H2 

II (H.COaEt 

« The stalling material is piepaietl from Y-pioolinc by conclensatum with HjCO, recliiotion with Na 
and EtOH, conversion lo the iodide with HI. * The starting mateiial is prepaied from j 9 , 7 -lutidine. 
The of-methyl gioup is eliminated by KMnOi followred by decarboxjlatiori of the a-caihoxj 1 gioiip. 
Sodium and alcohol reduce the iing, alcohol and acid esterify the 7 -carboxyl gioup, riC'HiC’O/Kt 
-f NaiCOa complete the prt‘paiation of the stalling compound. The steps to quinuchdine aie made 
lespectively (a) by heat and treatment wuth alkali and ( 6 ) by K in hot toluene followed by 
HiNNHa + NaOEt at 175®. 


The first is the original synthesis of Loffler and Stietzel,^® which requires 
the somewhat inaccessible 7 -picoline. The second®"^ is based on the 
readily available /?, 7 -lutidine. 

Homologues of qiiinuclidine arc prepared by parallel changes from 
jS-collidine or other pyridine compound.®* 2 -Chloromcthylquinuclidinc 
has a chlorine atom which, like some in the oxygen heterocyclic**^ series, is 
not removed by zinc and hydrochloric acid or by (*atalytic hydrogen. 

Bispiperidinium Compounds. —When pentamethylene dibromide is 
treated with piperidine, an ammonium salt is produced according to the 
general reaction of this dibromide uith secondary amines. The product 
in this instance is bispiperidinium bromide®® (^). 


A 


il2 


Ha Ha H. II2 

II2 


H2 H2 H2 II2 
Br- 



ih 


B 



1 


This salt has the usual reactions expected of such a material. Silver 
oxide converts it to 5-piperidinopentene-l. The olefin will add hydrogen 
bromide (bromine to the 2 -position), and this compound in turn with 
alkali changes to piperidinomethylpyrolidinium bromide (B), 

Compounds of this type were useful for determining the stereochemical 
configuration of the ammonium ion.®^ Since d,?-4-phenyl-4'-carbethoxy- 

87 Clemo and Metcalf, J. Chem. Soc.f 1989 (1937). 

*8 Koenigs, Ber., 87, 3244 (1904); Koenigs and Beenhart, Md.j 38, 3049 (1905). 

8® Paul, Bull. soc. chim. [5], 2, 747 (1930); Dbuey, ibid.y 2262. 

80 V. Braun, MOlleb, and Beschke, Ber.y 89, 4347 (1906). 

8* Mills and Warren, J. Ch^m. Soc.^ 127, 2507 (1925). 
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bispiperidinium-1 :r-spiran bromide can be resolved into optical isomers 
by means of the 6-a-bromocamphor-ir-sulfonate, the ammonium ion must 


H CHjr-CHa CHr-CH2 H 

X 

^CHr-CHs"^ XHr-CH*^ ^COOEt 


Br- 


have a tetrahedral configuration (A). If the nitrogen were pentavalent, 
the pyrimidal configuration (B) would possess symmetry and would be 
superimposable on the mirror image. 



A-PhenyUl-methylpyridinium Salts ,—Another proof of the tetrahedral 
character of the ammonium ion®^ is furnished by the geometrical isomer¬ 
ism (a) of 4-phenyH-methyl-l-ethyl piperidinium iodide or perchlorate. 
If the nitrogen atom had had a pyrimidal structure (6), such isomerism 


CeHs _ 

H 






^ X_Xx 

H < 


C,H. 


C.H. 

(5) X 


H 




H 


CA 


^ / 




would have been observed even when two hydrogen atoms or two methyl 
groups were attached to nitrogen. 

Bicyclothianium Compounds. —Methods used to prepare bicyclic 
nitrogen compounds are applicable for the preparation of systems that 
contain sulfur.®® Bicyclo[l,2,2]thianium-l-heptane chloride and bicyclo- 

•* Mills, Parkin, and Ward, ibid,, 2613 (1927). 

Prelog and Cbrkovnikow, Ann., 687 , 214 (1939); Prbloo and Kohlbach, 
Ber,, 72 , 672 (1939). 
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[2.2.2] thianiuni-l-octanc bromide are prepared by the plan shown below. 

H H 

HCOsEt « HCH,COjEt „ 

V CH, ; C -* \ ?„J 

(CH,CHjBr )2 (OHsCHjBr)^ 

Cl Br 

« Ks8, Na + EtOH to foim curliinol, 10 per cent HCl or 68 per cent HBr. 

Silver oxide converts the salts to the free bases. The thianium heptane 
chloride is a strong poison, the lethal dose per gram of white mouse being 
457 (a 7 is 1/1,000 mg.). The process of second ring closure greatly 
increases the lethal dose which is 40,0007 for the carbinol. The corre¬ 
sponding values for the thianium octane bromide and the monocyclic 
carbinol progenitor are 2 OO 7 and 20 , 0007 . The ester, ethyl pentamethyl- 
enesulfide-4-acetate, is an oil with a very repulsive odor. 

Problems 

1. Write the structural formulas that are indicated by the following names: 
3-Ox-2-azobicyclo[3,3,lJnonane. 2,4-Diazobicyclof2,2,2)octano. 1,2,3,5,r)-Pentazo- 
bicyclo[2,l,l]hexane. 5-oxa-l,4-diazobieyclo[3,2,0]heptane. 3-Thiabicycl()f3,1,11- 
heptane. 7-Azobicyclc)[4,l,0]heptane. Bieyclo[4,2,0Joctane. 2-Ox-l-azobicyelo- 

[2.2.2] octane. 

2. What is the product obtained from each of the following reactions? (a) 

Two molecules of chloroacetal with one of sodium sulfide and the product of this 
reaction allowed to stand with methyl amine and calcium acetonedicarboxylate.®^*' 
(6) Pentamethylciie dichloride warmed with benzylamine chlorohydrate. (c) Suc- 
cindialdehyde, methylamine chlorohydrate, and ethyl acetoacetate at pH — 6, temper¬ 
ature of 20 to 22° over a period of 3 days.®^ (d) Methyl isoamyl amine shaken with 
a solution of sodium hypobromide in the cold and the product then heated with 
concentrated sulfuric acid at 125°.®® (c) 1,6-Diiodohexane heated with piperidine 

in boiling alcohol.®* 

3 . From non heterocyclic sources and by methods that need not involve reduc¬ 

tion except at the last, outline a method of synthesis for the following: (a) 1-Phenyl- 
ethyl-3-carbethoxy-4-piperidyl p-aminobenzoate dihydrochloride. ®^ (6) 2-Methylpi- 
peridine.®* (c) /3-Propyl- or ^S-ethyl-piperidine from trimethylenechlorobromide, 
Cl(CH 2 ) 3 Br.®® (d) N-Phenyl-a-methyl-A*-tetrahydropyridine.^^ (c) 2-Propylpyrro- 

lin and 2-propylpyrrolidine.'®° (/) 2-Phenyltetrahydropyridine.'®^ (g) 2-Phenylpi- 
peridine.^®® (h) 2,6-Piperidme dicarboxylic acid.^®® (f) Eegonin by an application 
of llobinson^s synthesis. 

®^v. Bbaxjn, ibid,, 37, 2915 (1904). 

®®L0fpler, ibid., 43 , 2044 (1910). ^ 

®« N. Braun, ibid,, 43 , 2861 (1910). 

®^ Thayer and McIClvain, J. Am. Chem. Soc., 49 , 2862 (1927). 

®* Funk, Ber., 26 , 2573 (1893). 

®® Granger, ibid., 28 , 1197 (1895); GOnthbr, ibU., 31 , 2134 (1898). 

10® Gabriel, %bid., 42 , 1259 (1909), 

Oabkibl, md., 41, 8010 (1908). * 

i®* Ehrenstein, ibid., 64,1187 (1931); Ref. 101. 

tMFisoHBB, Mi., 84, 8643 (1901). 
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4* What is the product obtained in each of the following reactions? {a) Piperi¬ 
dine treated with benzoyl chloride and the product of that reaction treated with 
phosphorus pentachloride at 120 ® (oil-bath temperature).*®^ (b) 7 -Pipendone and 
benzaldehyde.®®* (r) Amyl nitrite and pscudopelleticrine.*®® (d) 4-Phenylpyridine 
dissolved in alcohol and treated with metallic sodium.*®® (e) 2 -Phcnylpiperidinc 
passed over platinized asbestos at 320 to 330°.*®* (/) An alcoholic solution of tropi- 

none and pipcronal refluxed with a little aqueous potassium hydroxide for 15 min,®® 
(g) A glacial acetic acid solution of tropinone allowed to react with amyl nitrite 
under the influence of hydrochloric acid.®^ 

5. Suggest a method for the preparation of the following: (a) 1-Methyl-azo- 

cyclodecaiic, CH 8 N(CH 2 ) 9 , from l-azobicyclo[5,3,01-decane.®® (5) Pyridine-2,3-di- 

carboxylic acid from lupinane.*®^ (r) Quinuclidine 2 -carboxylic acid from 7 -pyrone.*® 
(d) l-Azobicyclo[3,2,l]octane from a piperidine compound.*®® 

6 . When the hydrochloride of eegonine is refluxed with phosphorus oxychloride, 
aiihydroccgonine is obtained as the hydrochloride (MluN 02 *HC'l. The anhydro- 
ocgonirie is then treated with bromine (addition to double bond) while in acetic acid 
as a solveni, and the perbromide that results is heated in alcohol or acetic acid to 
produce the hydrobromide of anhydroeegonine dibromide, CMl 7 N(C'H 3 )rH(Br)- 
CH(Br)C 02 H*HBr. This product is dissolved in water and treated at 60° with 
sodium carbonate. When evolution of carbon dioxide has ceased, the mixture is 
rapidly steam distilled. Methyl amine and dihydrobenzaldehyde, (VHtCHO, are 
collected in the distillate. Explain the occurrence of this aldehyde product, which at 
one time caused considerable confusion with respect to the structure of tropine and 
suggested the presence of a six-membered carbon ring.*®® 

7. Tropine and ^-tropine are isomeric alcohols which by oxidation give the same 
compound, tropinone. Account for the difference between the two compounds.**® 

8 . What is the final product*** obtained by treatment of (dhyl methylacetoacetato 

with the following sequence of reagents? (a) 7 -Bromopropyl ethyl ether (how pre¬ 
pared?) in dioxane solution in presence of sodium cthoxidc. (h) Strong sodium 
hydroxide at 250° under 1,000 lb. of nitrogen for 8 hours, (r) Hydrobromic acid. 
(d) Alcoholic ammonia at room temperature for 48 hr, (c) Palladium on asbestos 
at 270 to 280°. (/) Butyllithium followed by formaldehyde. ITie product has the 

formula Ci 4 H 14 N 4 O 8 . 

9. Name the products obtained from acetaldehyde by means of the following 
reagents and conditions employed in a sequence of reactions that lead to a product 
with the composition CeHuNCl:*** (a) Dilute alkali. ( 6 ) Aluminum amalgam, 
(r) Fuming hydrobromic acid at 100° in a closed tube, (d) Potassium cyanide in 
an alcoholic-aqueous solution, (c) An excess of metallic sodium in alcohol. (/) 
Hydrochloric acid until neutral, and the dried salt heated with lime and the distillate 
neutralized with hydrochloric acid. 

10 . Describe methods for preparing the following compounds chiefly from avail¬ 
able pyridine derivatives: (o) 7 -«-( 2 -phenylethyl)-pipcridinopropylbenzoate.’* (5) 

*«^v. Braun, ibid., 37, 2915 (1904). 

*®® CiAMiciAN and Silbeb, Gazz. ckirn. ital., 29, i, 408 (1899). 

*»® Bally, Per., 20 , 2590 (1887). 

King, Ann. Repts^ 30 , 231 (1934); c/. Itef. 36. 

*®«PRELoa, Heinbach, and Cerkovnikow, /. Chem. Por., 677 (1939). 

* 0 ® EichengrOn and Einhorn, Ber., 23 , 2870 (1890); cf. Ref. 68 . 

**® Willstatter and Iglaueb, Per., 33, 1170 (1900). 

*** Finkelstein and Elderfield, J. Org, Chem.^ 4, 365 (1939). 

*** Franks and Kohn, MonaUK, 23 , 877 (1902). 
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Methyl piperidine-2-acetate->l-/5-propioiiate and its conversion to a bicyclic com¬ 
pound.** (c) l-Azobicyclo[2,2,l]heptane.^** (d) 7 -( 2 -piperidyl)-propyl ' alcohol. 2 ** 
(c) 2-Ethylquinuclidine.** (/) / 8 -Vinylpiperidine (from nicotinic acid).^^^ (g) 

a-Vinylpiperidine.*^* {h) /3-Vinylpiperidinc. (t) 7 -Piperidylethanol and its con¬ 
version to quinuclidine.** (j) 2-(/3-hydroxy)-piperdine.^* (k) Tropinepinacone, 
Ci 6 H 28 N 202 .^*^ (/) Ix)belan, C 21 H 27 N, which is the methyl-free parent compound 

of the lobelia alkaloids.*® 

11. Suggest a method for preparing d,^4-phcnyl-4-carbethoxybispiperidiniuni- 
l,l'-spiran bromide. 

12. What is the product of the reaction of piperidine with 33 per cent aqueous 
formaldehyde in the presence of potassium carbonate? The product of this reaction, 
with hydrogen sulfide, gives CeHuNS and C 12 H 24 N 2 S, depending on the comparative 
severity of the conditions. What is the structure and name of the two final products? 


^(CH2)2^ 

Would morpholine, undergo the same reactions?’^® 

^(CH2)2^ 


13. Devise a sequence of steps for synthesizing diethyl 3,7-dimothyl-6,8-dipheiiyl- 
9-oxobispidine-l,5-dicarbbo\ylate.^*® 


(The bi8pidine rinfc is the 
piperidine ring taken 
twice as indicated.) 


H 

CflH5r- 


(’HiNt 

H 


(^OiEt 
C - 



COaEt 


~rH2 


-Cll, 


How would the compound be named according to the system used for bicychc 
compounds? 

14. Outline a sequence of steps that should convert pseudopelletcrine to c> clo- 
octatetrene.^®^ 

16. Show^ a sequence of steps by which the following compounds can be preparc'd 
from a piperidine compound; (a) 5-Aminocaprylaldehyde.^®® ( 6 ) Inactive lysuie, 
H 2 N((^H 2 ) 4 CH(NH 2 )COOH.i®® (c) l,5-Dichlorooctane.»^ (d) Suberic acid (from 

^-pelletierine).^®* 

16. Name the products^®* obtained in each step of the following sequence of reac¬ 
tions that begins with ethyl nicotinate hydrochloride and ends with CsHuN: (a) 


Clbmo and Prelog, J. Chem, Soc., 400 (1938). 

Merchant and Marvel, J. Am, Chem, Soc.^ 60, 1197 (1928). 
ii*Ladenburg, Ber,, 22, 2687 (1889); Einhorn, Ann, 266, 229 (1891). 

Iddles, Lang, and Gregg, J, Am, Chem. Soc,, 69, 1945 (1937). 

WillstXttbr, J5er., 31, 1672 (1898). 

Mills and Bain, J. Chem, Soc., 127, 2607 (1925). 

Binz and Pence, J, Am. Chem. Soc,, 61, 3134 (1939). 

Mannich and Mohs, Ber., 63, 608 (1930); Mannich and Veit^ ibid., 68, 606 
(1935). 

1*^ WillstXtter and Wane, ibid., 44, 3423 (1911). 

WoLPFENSTEiN, ibid., 28, 1459 (1895). 
v. Braun, ibid., 42, 839 (1909). 

V. Braun and Schmitz, ibid., 39, 4365 (1906). 

CiAMiciAN and Silber, Gazz. chim, ital., 29, ii, 104 (1899). 

136 pjtiiLOG, Heimsach, and Seiwertk, Ber., 72, 1319 (1939). 
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Ethyl acetate and sodium ethoxide. ( 6 ) Catalytic hydrogen over platinum oxide at 
low pressure, (c) Sodium and alcohol, (d) Sixty-seven per cent hydrobromic acid 
at 100®. (e) Sodium hydroxide at 50®. 

17. Camphidine (how prepared?) 


CHr 

II 2 C— 


Oil 
•C-CH. 


i 


XCH2h 
■c!h 


CH2 


\ 

/ 


NH 


is treated with benzoyl chloride and the product caused to react with phosphorus 
pentachloride. What compound is produced?^” 

18. The hygrines are a mixture of alkaloids obtained from Peruvian coca leaves. 
One of those alkaloids, hygrine, CttHifiON, yields hygrinic acid, (^HnOaN when 
oxidized with chromic acid; and this acid in turn loses carbon dioxide when heated 
or treated with strong sulfuric acid and thus changes to N-methylpyrrolidine. What 
do these facts suggest as to the formula for hygrinic acid? Suggest a method for 
synthesis from a nonheterocyclic source.^** 

19. The formula for hygrine is the same as that of hygrinic acid except that an 
acetonyl group is in the position of the carboxyl. Suggest a method for synthesis of 
this compound from a pyrrole derivative.^*® 

20. d,/-Lelobanidin, C 18 H 29 O 2 N, aQ accessory alkaloid of the lobelia group, is 
oxidized to d,/-lelobanine, C 18 H 26 O 2 N, a diketo base. This compound in turn under¬ 
goes a Hofmann degradation (Mel, Ag 20 ) which produces dimethylamine and a 
doubly unsaturated diketone, C 17 H 20 O 2 . Catalytic hydrogenation converts this 
compound to a saturated glycol, C 17 H 28 O 2 , which in turn is oxidized by chromic 
oxide to the saturated diketone, C 17 H 24 O 2 . This compound is suspected of being 
l-benzoy]-7-propionyl-n-heptane. Suggest a synthesis. What is the probable struc¬ 
ture of the original heterocyclic compound? What other reactions would probably 
be tried in order to help determine the structure ?^^® 

21. Oxidation of nicotine usually results in cleavage of the pyrrolidine ring. 
Suggest a series of steps that might effect oxidation of the pyridine but preserve the 
pyrrolidine ring.^*^ 

127 V. Braun, ibid., 42, 1429 (1909). 

128 WiLLSTATTEB, ibid., 83, 1160 (1900); Ann., 826, 91 (1903). 

129 Hess, Ber., 46, 3113, 4104 (1913). 

130 WiELAND, Koschara, Dane, Renz, Schwabze, and Linde, Ann., 540, 103 
(1039). 

131 Karber and Widmer, Helv. Chim. Acta, 8 , 364 (1925). 
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THE QUINOLINE COMPOUNDS 

The condensed benzopyridine system, named as the quinoline type 
from its relation to the quina alkaloids, is one that has been studied 
extensively because of the valuable pharmaceutical properties of many 
compounds in the series. Besides its occurrence in alkaloids, the quino¬ 
line nucleus is found also in coal tar and certain petroleum bases. Many 
valuable synthetic dyes and medicinals have been produced also from 
derivatives in the series. The methods of preparation of the heterocyclic 
ring differ considerably from those in the pyridine series, but the reactions 
that the heterocyclic ring undergoes are very similar. 

Methods of Synthesis. —Since the preparations of quinoline must 
proceed from available materials, the different methods will be classified 
according to the principal types of compounds employed. These groups 
include (a) primary aromatic amines with no o-substituent, (6) aromatic 
amines with an o-substituent, (c) five-membered rings capable of ring 
enlargement, and (d) saturated isocyclic systems that undergo ring 
closure similar to that found in the preparation of pyridine compounds. 

From Aromatic Amines with No o-Substitueni, — Skraup^s synthesis^ is 
one of the most common methods for the preparation of quinoline com¬ 
pounds. The account of his work is a classic, because it is such a beautiful 
example of the value of balancing chemical equations and of making 
appropriate deductions. The initial suggestion was derived from the 
work of Graebe,^ published a year earlier, in which the product of the 
action of zinc dust on alizarin blue, C17H19O4N, itself prepared from 
iS-nitroalizarin and glycerol in the presence of sulfuric acid, was considered 
to be an anthraquinoline, CnHnN. Skraup, accordingly, tried the reac¬ 
tion of nitrobenzene with glycerol in the presence of sulfuric acid and 
obtained a small amount of quinoline. He then tried the reaction of 
aniline with glycerol under the same conditions and again found a small 
amount of quinoline. He observed, however, that one equation required 
oxygen for ^ balance and the other needed hydrogen. 

C4H4NO2 -f CaHgO, « CtErN + 3H2O + Oa 
C«H6NH2 + CaHsO, « CaHrN + 3 HaO + Ha 

1 Skraup, MonaiaK U 316 ( 1880 ); 2, 139 ( 1881 ). 

* Grakbb, Ann., 201, 333 (1880). 
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He, therefore combined the two preparations and used just enough 
aniline and nitrobenzene to convert all the hydrogen to water as given 
below. The yield rose from a trace or small amount to 60 per cent. 

2C0H5NH2 + C6H5NO2 4 - 3 C,H 80 j « 3C9H7N 4 IIH2O 

The principle of this reaction remains the same today. Nitrobenzene 
is still a convenient oxidizing agent,® but arsenic acid may also be used. 
Copper suKate or ferrous sulfate serve as catalysts. Acetic or boric acid 
facilitates the process in some cases. The reaction is vigorous and some¬ 
times difficult to control. ^ 

The reaction proceeds by way of the intermediate formation of 
acrolein and, for all practical purposes, is as if the amino group adds 
across the double bond. 



Amine and aldehydes, however, form Schiff bases readily. Hence the 
true course of this reaction may be by intermediate formation of an anil^ 
and the reaction of the anil with a second molecule of aniline. 



NHs 


C6H6N=CHCH 



+ C6H6 NHj + HH,0 


In any event, the products obtained with homologues of acrolein are 
as if the amine adds to an olefin and ring closure completes the process. 
The position at which the ring forms® is unaffected by substituents in the 
ortho or para position of the benzene ring. A substituent (see below) 
ill the meta position, however, directs ring closure (o) to either side of the 
amino group or (6) to the vicinal position, depending on whether the 
group is ortho- and para-directing (P) or meta-directing (M). 



(Arrow points to the position 
at which ring closure occurs) 


This elegant synthesis has suggested the development of other closely 
related preparations. For example, su'bstitution of glycol for glycerol 
causes the formation of quinaldine. Ddbmr and Miller^ made the reason- 


* Clarke and IJaVis, Org. Synthesis, Coll. Vol. I, 2d cd., 478 (1041). 

* BiiAisE and Maire, BuU. soc. chim. [4], 8, 662, 664 (1908). 

* Manske, Chem. Rev., 80, 113 (1942). 

’DObker and Miller, Ber., 14, 2812 (1881); 16^ 1664, 2466 (1883); 17, 1698, 
1712 (1884). 
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able interpretation that the glycol changed to acetaldehyde. They, 
therefore, developed the synthesis with two molecules of acetaldehyde, 
now known by their name. An aldehyde and a ketone combination 
with aniline is known as Beyer^s^ methodj and 2 molecules of a ketone with 
aniline is called Riehm^s^ synthesis. Pyruvic acid may replace one of the 
aldehydes in the Dobner and Miller synthesis, whereupon the reaction 
becomes Ddbner^s pyruvic acid synthesis.^ Other quinoline carboxylic 
acids can be made by other modifications.'® 


Ddbner and Miller’s synthesis: 

OHCCHs 

+ 

NH 2 OHCCHa 

Beyer’s synthesis: 

0 00(CH.), 

NH 2 OHCCH, 

Kiehm’s synthesis: 

0C(CH,)2 

NHj » 0C(CH3)2 





Fig. 1.—Synthesis of quinoline compounds by reaction of aniline with (1) 2 molecules 
of an aldehyde, (2) one aldehyde and a ketone, and (3) 2 molecules of a ketone. Inter¬ 
mediate a,|3-unsaturated aldehydes or ketones probably form in each process. 

These reactions and others are listed below in such a way as to 
show their common character. A conjugated carbonyl-olefin system 


Reagents, that react with anilines, 
arranged in the order in which the 
atoms become parts of the ring 

Quinoline products 
with substituents in 
position 

Name of reaction 

OL 


7 

—Cl-c,=c,- 

CHj-HC—CHO. 




Skraup 

Ddbner and Miller 
Beyer 

Riehm 

Ddbner’s pyruvic acid 
Simon and Conduch^ 

CH,CHO CHiCHO. 

CH.CHO CH,C(0)CH,.... 

(CH,).CO CH,C(0)CH,.... 

CH,CHO CH,C(0)C0,H... 

CHiCHO EtO,CCH,C(0)CO,Et.. 
HOjCCH- CHC(0)C6H3. ... 

CH* 

CHa 

CHg 

CH* 

CHa 

CHa 

COjL t 

CHa 

C’Ha 

COaH 

COjEt 

C.H. 


» Beyer, J. prakt. Chem., 83, 393 (1886); Ber., 20, 1767 (188®. 

>Engler and Riehm, ibid.f 18 , 2245 (1895); Riehm, Ann., 2389 (1887); Levin 
and Riehm, Ber., 19 , 1394 (1886). 

» DObneb, ihid.y 20 , 277 (1887). 

ftnd ConduchA Compt. rend,, 139 , 297 (1904), 
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forms from the condensation of an active carbonyl with an appropriate 
active methyl or methylene group. The aniline then adds across the 
double bond of the olefin to produce a jS-phenylaminopropionaldehyde or 
propiophenone, ring closure takes place, oxidation eliminates the extra 
hydrogen atoms. The conjugated pyridine system tends to form, even 
if it becomes necessary to cleave a carbon-carbon bond as in the case of 
Riehm’s synthesis where methane is lost. Innumerable combinations 
are possible. Carboxyl or carbethoxy groups may be used in place of 
hydrogen in order to get the activation of hydrogen atoms or carbonyl 
group necessary for the formation of a conjugated carbonyl-olefin sys¬ 
tem, since such groups can be eliminated readily at the end of the synthesis. 

A jS-phcnylaminopropiophenone can be prepared also from aniline 
and a )3-chloropropiophenone. The reaction of aniline w'ith 1,3-dichloro- 
alkane^^ is closely related. The dihydro- and tetrahydro-quinoline 
products formed, respectively, can be readily converted to quinolines by 
mild oxidation. 

CJT^ 

ClCJl2CB2C{0)C\Mf, 

-f or —> or 

NHa (ICH2CH2CH2CI 

H 

In general, the addition of ammonia and amines to the olefinic system 
of the enol form of ethyl acetoacetate, followed by elimination of water, 
gives an ester of jS-aminocrotonic acid. It is not surprising, therefore, 
that aniline and ethyl acetoacetate condense similarly in the cold to 
form ethyl /3-phenylaminocrotonate. This compound is somewhat simi¬ 
lar to the jS-phenylaminopropionaldehydes and /5-propiophenones already 
discussed. Hot sulfuric acid or boiling hydrochloric acid closes the ring. 
2-Methyl-4-carbostyril results. 

On the other hand, when ethyl acetoacetate is heated with aniline, 
the conventional formation of an anilide occurs. Cold concentrated 
sulfuric acid closes the ring. 4-Methyl-2-carbostyril results. This 
process is sometimes called Knorr’s quinoline synthesis. 


/'ITT 



« Cold CHjC(0)CH2C02Et, hot H2SO4 or boiling HCh 
t CH«C(0)CH2C02Et at 110®, cold cone. H2SO4. 

Hbon-Feu, Bull, 80 C. chim. [5], 2, 90 (1935), 

Rindfusz and Habnack, J. Am. Chem. Soc.j 42, 1720 (1920). 

» CONEAD and Limpack, Ber., 20, 944 (1887); 21, 523 (1888); 24, 2990 (1891). 
Knojie, Ann., 236, 70 (1886); Ewins and King,'/, Chem. Soc., 103, 104 (1913), 
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The monoanilide of a malonic acid yields a 2,4-dihydroxy quinoline 
with phosphorus pentachloride.^® Ethyl benzoylacetate and aniline give 
only 4-hydroxy-2-phenylquinoline,'® whether in hot or cold sulfuric acid. 

The preparation of quinoline compounds often appears complex, 
when in reality the changes are conventional. For example, diphenyl- 
thiourea condenses with acetophenone to form 2-phenyl-4-anilinoquino- 
line.^^ The urea first decomposes to aniline and phenylisothiocyanate. 
The products then combine with acetophenone according to the standard 
pattern, save for the fact that the final reagent is an a,j9-unsaturated 
thioanilide and not an ester. A 4-anilino instead of a 4-hydroxy product 
results. 

C«H5NHC(S)NHC6H5 a C 6 H 5 NH 2 + CeHtNCS 

NHOeHe 

p iP T' 

|\ NHj |\—N---CC.H6 |\\N^ 


«Heat. ® CH3C(0)CeH6. « CaHbNCS causes the intermediate formation of RNHCCCeHe) 
=CHC(S)NHC«H6 which, in turn, condenses to the quinoline compound. 

The reaction of an acid anilide^® with an acetophenone under the 
dehydrating influence of zinc chloride appears to be essentially the same 
as those which start with an unsubstituted aniline. 


OCCcHfi 

([:h, 

NHC(0)R 

« ZnCls at 250 to 300® for 4 days. 




R 


The reactions described are general for all anilines, although irregulari¬ 
ties are occasionally noted. For example, p-phenylenediamine^® reacts 
with 2 molecules of acetylacetone to form the expected dianil inter¬ 
mediate, but undergoes no further change to a quinoline compound. 

ch2C(0)ch, ch2C(0)c; 

(!:=nc.h,n==(*: 

(!;h, (!;h, 

From p-phenylenediamine 

The m-isomer forms the initial product of the same empirical composition 
but undergoes ring closure on one side only to give 7-amino-2,4-dimethyl- 

w Ruqheimer, Ber., 17, 736 (1884); 18, 2976 (1885), 

Knorb, Ann., 246, 378 (1888). 

Dziewonski and Moszew, Roczniki Chem.f 12, 482, 926 (1932); C.A., 27, 3937 
(1933); 28, 162 (1934). 

Bpallino and Salimeri, Gazz, chim. 42, 607 (1912). 

Marchwalp and Schmidt, Ann., 274, 367 (1893), 


H 2 N 



CHb 


From m-phcnylenediamine 
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quinoline. Formanilide^^ does not behave as does acetanilide, but 
appears to undergo a rearrangement of its formyl group to give o-amino- 
benzaldehyde, which condenses with acetophenone according to the 
general scheme outlined in the next section. 

Synthesis from o-Substituted Anilines .—The preparation of quinolines 
from o-substituted anilines or from compounds capable of forming anilines 
in the course of reaction is very common. In the two general illustrations 
shown below, the chain is first lengthened by condensation between the 
aldehyde and the ac^tive methylene group, and the ring is then closed by 
reduction. There are innumerable variants of this scheme. If an 
appropriate ketone, or an acid such as anthranilic, is used in place of 
o-nitrobenzaldehyde, a substituent is introduced in the gamma position. 


R CHO HaCR 
NO2 ^ OCR' 




R 

NH2 


11 = alkyl, aryl, carbethoxy, oyano group. R' = alkyl or aryl group. 
" Condensation with reduction. 


If benzyl chlorides are used in place of the benzaldehyde, dihydro¬ 
quinolines may form. 

o-Nitrobenzaldehyde and acetone obviously give a-mcthylquinoline,*^ 
and o-nitrobenzylchloride with acetone gives the corresponding dihydro 
compounds.If ethyl methyl ketone^^ is used in place of acetone in the 
reaction with o-nitrobenzaldehyde, the product is 2,3-dimethylquinoline. 
This tendency for the ethyl side of the ketone to be more reactive than 
the methyl side in this condensation parallels the experience in the Fischer 
indole synthesis where 2,3-dimethylindole rather than 2-ethylindole 
resulted from the use of ethyl methyl ketone. (Compare this effect with 
that discussed in part 2 of the quinine synthesis, page 290.) 

If ethyl acetoacetate is used in place of acetone, a carbethoxy-sub- 
stituted quinoline results. Ethyl acetoacetate can sometimes be used 
in special ways. For instance, an alkyl-substituted ethyl acetoacetate 
condenses mth o-nitrobenzyl chloride. If phosphorus and hydriodic 
acid are then used as the reducing agent, simultaneous hydrolysis, decar¬ 
boxylation, and ring closure take place. 2,3-Dimethylquinoline forms 



«p + HI. 

Pictet and Barbikr, BvU. aoc. chim., Ill, 18, 26 (1896), 
21 Drewson, Ber., 16 , 1963 (1883). 

** Jackson, ibid., 14 , 889 (1881). 

Heller, Lavth, and Buchwalt, ihid.^ 56 , 483 (1922). 
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without any dihydro product.-* If the ethyl acetoacetate portion con¬ 
tains an o-nitrobenzyl group and stannous chloride is used as the reducing 
agent, a double ring closure takes place. A spiran forms. 


R 


CKr- 


-CH2 


oc/ ^COsR 
NOj CHj OjN 


R^R 





-N--N 

\o/O H 


R 


» SnC’h 111 HCl-HOAr solution. 


Quinolines can form without an o-nitro group. In the example 
below, a methoxy group present in the starting reagent is replaced by 
an amino group when heated with alcoholic ammonia. Ring closure 
simultaneously occurs.-® 

R 'CHO r\'rH-=(^HC(^H3 

0( II 3 ^ |\ (Klls ^ |\ (^Hs 


R' « — CjHaNOz with the NO 2 ortho to the oxygen 01 nitrogen atom. 


The Perkin condensation can be used to prepare intermediates that 
have a carboxyl group so situated that an a-hydroxyquiiioline, i, c., 


R CHO a P) CTI-=Cnc^02H i, P)-"'''^ 

NOi (or Cl) |\ NO 2 (or Cl) ^ |\\N^ 


Pei kin condensation. 

« AciO + NaOAc. *^1! NOi is used in the above foimula the reagents aro NH 4 SU,” FeSOi -h 
BaS04*’ or 811 -h HCP* followed by heat. If 01 is used m the above formula the reagents are NHa + Cu 
at 125 to 130®*® followed by heat. 

a carbostyril, forms‘when the ring closes. Similarly, the Claisen con¬ 
densation®* of ethyl anthranilate or the reaction of an o-nitrobcnzoyl 
chloride®2'®® with ethyl malonate leads (see next page) to 2,4-dihydroxy- 
quinoline. Since hydroxy groups on heterocyclic rings are converted to 
chloro groups by phosphorus oxy- and penta-chlorides and thence by 
reduction are eliminated, a wide range of possibilities is present. 

Jaenisch, ibid.f 56 , 2450 (1923). 

** Gabriel and Wolter, Ber.^ 56 , 2445 (1923). 

” V. Miller and Kinkelin, ibid,, 22, 1716 (1889). 

Chiozza, Ann.y 83, 117 (1854); Friedlander and Ostermaier, Ber., 14, 1916 
(1881); ibid., 47, 3669 (1914). 

** Tiemann and Oppbrmann, ibid., 18, 2070 (1880). 

Morgan, Chem. Newa^ 86 , 269 (1877); FriedlAnder and Weinberg, Ber., 15 , 
321, 1421, 2103 (1882). 

Meyer and Beer, Monatsh., 84, 1173 (1913). 

Erdmann, Ber., 82, 3570 (1899). 

Bischopp, Ann., 251, 360, 366, 376 (1889). 

” Gabriel, Ber., 51, 1500 (1918). 
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OH 



Claison condonsation. 

« CHaCOaEt + Na,3i HX -f H 2 O. & Heat. 

on 

R (;o('i . c(0)CH(C0sU)j t 0 "''^ 

NO 2 ”*|\N02 |\'SsN!#=»'OH 

® H2C(C02R)2 + NaOEi.32 5 gn IJC"! 01 HI + !’• A nmall amount of 2-othoxy~3-parbethoxy- 
quinolino is obtained if Zii + HCl is used. 

Many other variations can be introduced in these processes. If the 
reduction of the o-nitrocinnamic acid is carried out electrolytically, the 
intermediate hydroxylamine undergoes a rearrangement. Subsequent 
ring closure gives G-hydroxycarbostyril. 



« Ring closure at J00°,of the reduced product. 

o-Aminobenzoyl chloride, from anthranilic acid, may require protec¬ 
tion of its amino group. The example®^ below shows the phthalimido 
group as the protecting agent, to prevent addition of the amino group to 
the nitrile. 

OH 

R C( 0 )C 1 BzCCN a 

N•C8H4O2 COaEt 


® NaOH, warm C.'HaCOaH. 

Reduction of o-nitrophenylpropiolic acid, o-N02C6ll4C~~()CO()H, 
with zinc and hydrochloric acid causes hydroxylation of the triple bond 
SO that ring closure gives 2,4-dihydroxyquinoline. e-Aminophenyl- 
propiolic acid, treated with hydrochloric acid yields 4-chlorocarbo- 
styriP* by ring closure and simultaneous addition of halogen acid to the 
triple bond; when treated with sulfuric acid, it yields 2,4-dihydroxy- 
tpiinoline®® by ring closure and simultaneous hydroxylation of the bond. 



« HCl or HsSOi, respectively. 

GArrERMANN, ibid.y 27, 1936 (1894). 

** Heller and Tisciinbr, ihid.y 42, 4555 (1909); ibid.j 84, 2716 (1901). 
Baeter and Bloem, ibid., 16, 2147 (1882). 
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If a nitrile is used in place of a carbethoxy group in the first phase 
of these reactions, ring closure takes place by addition of the amine to the 
nitrile group. An a-aminoquinoline results. Two examples®’"’®® are 
given below. 



® Sn + HCl, NaOR and heat. 

H 

R C(0)C1 a C(0)—CCOaEt , 

NR'2 ^j\NR'2 CN |\\N5::^^NH2 


« Reaction with CNCHaCOjEt.” ^ HI + P.« R^ - phthalyl radical, C Jl4(C*0)2. 


A similar addition across a carbon-carbon double bond gives an a-ace- 
tonylquinoline compound.®® 


R CH=CHCH0 
NO2 


R CH=CH 

NO 2 (*^H=CHC(0)CH, 



O 

CH2CCH8 


« CHiC(0)CHi. ^ Concentrated alcoholic solution of stannous chloiidc. 


When o-nitrobenzaldehyde is condensed with pyruvic acid, the inter¬ 
mediate thus produced gives an a-quinolinc carboxylic acid by ring 
closure. 


PCHO pen -CH p/^ 

j\N02 |\n02 OCCO 2 H 


The reaction of anthranilaldehyde (o-aminobenzaldehyde) with com¬ 
pounds that contain an active methylene group, adjacent to an aldehyde, 
ketone, or acid group is of the same general type under discussion in this 
section, but has been studied so extensively that it is called the Fried- 
Idnder synthesis Anthranilaldehyde^^ is readily obtained by reduction 
of 2-nitrobenzaldehyde vnth ferrous sulfate and ammonia at 90 to 100®. 



R - H. CHs, C«H|, OH, CH=NOH, —C4HiN, and others. R' - H, CH», CaHi, OH, 

COCHa, COOEt, NHa, and others. 

« Piperidine or sodium hydroxide. 

” Gabriel, ibid., 51, 1500 (1918). 

««PscHORR, mi,, 81, 1289 (1898). 

Fischer and Kuzel, ibid,, 16, 163 (1883). 

^0 Fbieblander, ibid., 16, 2572 (1882). 

BAjMBBBOER, ibid,, M, 314 (1927). 
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Other amino aldehydes may be employed. 5-Nitro-2-aminobenzalde- 
hyde ,^2 example, is obtained by nitration of the acetyl derivative of 
o-aminobenzaldehyde. 6-Aminopiperonal^* or aminoveratraldehyde*® is 
prepared by nitration of piperonal or veratraldehyde, condensation 
of the product with p-toluidine in order to protect the aldehyde 
group, reduction of the nitro group with sodium sulfide, and recovery 
of the aldehyde by hydrolysis with dilute acid. Acetaldehyde, acetone, 
ethyl acetoacetate, succinic anhydride, and many other compounds 
serve as the second component in the Friedltoder synthesis. Some 
examples are in the table below. The synthesis of quinaldine {A) shows 


Portion of reagent that 

(Condition for reaction 
with o-amino- 
benzaldehyde 


Servos as 
an cr-sub- 
stitucnt 

Forms part 
of ring 

Serves as 
a /3-con- 
stituent 

Quinoline derivative 

A CH,~ 
B CHn— 
C Kt02(- 
D Cliz— 

-(X0)CH3 
■(XO)Cn2--C02Et 
-C(())CH2-—C'02Kt 
■C(0)CH2—C(0)CH3 

7 days at pH ~ 13 

8 days at pH = 8 
KOH 1 week 

Trace of piperidine 

2 methyl- 

2 m(‘thyl-3-earbethoxy- 
2,3-diearbethoxy- 
2-methyl-3-acetyl- 


the effect that concentration of hydrogen ions has on the course of 
reaction. At pH = 12, the yield is only 11 per cent. At pH = 3, the 
product is anhydro-e-aminobenzaldehyde, 



in SOper cent yield. At pH = 5, the yield of this by-product is 25 per cent. 
At pH of 7 to 10, no quinaldine is formed even after 7 weeks. These reac¬ 
tions at specific concentrations at room temperature simulate processes 
that can occur in nature and are therefore known as biogenic syntheses 
A similar specific effect is noted in the reaction with ethyl acetoacetate (B) 
which gives in 8 days at 25° a 66 per cent yield at pH = 9, but 17 and 43 
per cent 3 delds at pH = 7 and 11, respectively. Ethyl oxaloacetate (C) 
yields the ester of a dicarboxylic acid.^® Acetylacetone (D) forms 

** CoftN and Springeb, Monatah,f 24, 87 (1903). 

^*Riluet and Kreitmann, Ilelv. Chim. Acta, 4, 588 (1921); Rilliet, ibid,, 6, 
647 (1922). 

** Sch5pp, Ann., 497, 1 (1932); SchOpf and Lehmann, ibid., 497, 7 (19,32). 

Kolleb and Stbang, Monaish., 60, 48 (1928). 
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3-acetylquinaldino;^® benzoylacetone gives the corresponding benzoyl 
compound. 

o-Aminoaeetophenone^* can l)e used in pla(‘e of the anthranilaldehyde. 
This reaction proceeds better if the acyl derivative^® is used. The 
aminoacetophenone has, however, an active methyl group as well as a 



« Hoated in alcoholic caustic solution. 

carbonyl group. Hence the intramolecular condensation of an acylated 
o-aminoacetophenone, which might lead to (A) as in the example seen 
above, may join instead at a different methylene-carbonyl pair and 
form the 4-hydroxyquinoline shown in (B). As R is made more negative 
by CeHs, CN, COOEt, COOCH3, COCeHg groups, the adjacent methylene 
group becomes more reactive and the principal reaction proceeds toward 
the 2-hydroxyquinoline.‘^® As a further complication, two aminoaceto- 
phenones may sometimes condense together as shown below. 



Anthranilic acid is also used in a similar way because of its avail¬ 
ability. This process is sometimes called von Niementowski's^^ method. 
The reaction proceeds with more diflSculty than in the case of the alde¬ 
hyde, as might be expected from the relative activity of aldehydes and 
acids in condensations. Hence other products have a chance to form. 
For example, the reaction with oenanthaldehyde goes in two directions: 
part toward the expected 3-amyl-4-hydroxyquinoline and a very much 

^«Stabk, Ber,, 40, 3425 (1907). 

Stark and Hoffmann, ibid,, 42, 715 (1909). 

**Guare8 CHI, ibid.j 26, 11944 (1893). 

« Camps, ibid., 82, 3228 (1809).. 

Camps, Arch, Pharm.y 240, 135 (1902). 

V. Niembntowski, Ber,y 27, 1394 (1894). 
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“ CondonHation with 1 molepulp of CiHuCHsCHO. 

^ Condensation with 2 moleculcR of C 6 H 11 CH 2 CHO. 


larger part toward a 2,3-dialkylquinoline-8-carboxylic acid by a Dobnor 
and Miller synthesis. In fact, acetaldehyde, propionaldehyde, and 
chloral go exclusively by the latter path or form Schiff bases. Ethyl 
acetoacctate^® likewise reacts in one or two ways but can be confined 
to one path if the ortho position is blocked, say by a methoxy group. 

Synthesis from Other Ring Systems. —The third general method con¬ 
sists of deriving quinolines from other ring compounds either by expand¬ 
ing a five- to a six-membered ring or by degrading an aromatic ring. 
One illustration in this class is the well-known Pfitzinger^^ reaction by 
which alkali causes isatin to condense with ketones or acids that have a 
reactive methylene group. This reaction is sometimes regarded as 

C’02H 

=CHC(0)CeH5l 

« CHiC(())C2H» + NuOH. 

essentially the same as the Friedlander synthesis since the isatin system 
opens to an o-aminoketo acid, which can condense as would o-amino- 
benzaldehyde. Hydriodic acid will sometimes effect the Pfitzinger 
reaction also.®® 

Isatin will also expand to 2,3-dihydroxyquinoline when treated with 
diazomethane. This reaction is general for enlarging cyclic ketones®® 
(see pages 342, 372). 

Nonoxygenated indoles can also be converted to quinolines. Chloro¬ 
form and sodium alkoxide convert indoles to /5-chloroquinoline®^ in the 
same way that pyrroles sometimes change to /3-chloropyridine. 2-Meth- 
ylindoles change to N-methyl-3-methyl-l,2-dihydroquinolines®® when 
heated with methyl iodide at 100®. A dull red heat causes alkylated 

V. Nibmentowski and Orzechowski, ihid,^ 28, 2809 (1895). 

Fboelicher and Cohen, J. Chem. Soc,j 119, 1425 (1921). 

Pfitzinger, J. prakt. Chem., 38, 100 (1886); 88, 583 (1888); 66, 283 (1897). 

Lindwall and Maclennon, J. Am, Chem, Soc,, 64, 4739 (1932); DuPuis and 
Lindwall, ibid.j 66, 471 (1934). 

Heller, ihid,^ 61, 424 (1918); 62, 741 (1919). 

87 Magnanini, ibid,, 20, 2608 (1887); 21, 1940 (1888). 

88 Fischer and Steche, Ann., 242, 348 (1887), 
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Reactions of Quinoline. —The chemical behavior of quinoline and 
quinoline compounds is a mixture of well-known reactions in the benzene 
and in the pyridine series, modified only by the presence of the other ring 
as a* substituent. Reagents that will attack benzene in preference to 
pyridine will, naturally, be apt to attack the benzene half of quinoline. 
Hence the nuclear substitutions are generally less important than syn¬ 
thetical methods for the formation of new compounds, which have sub¬ 
stituents in the pyridine nucleus. 

The active positions in substitution processes arc the 5-, and 8 -, 
sometimes called the '^ana^' and ^^ortho.^' For example, quinoline 
nitrate added to strong sulfuric acid and allowed to stand for 1 hr. without 
heat yields a mixture of 5- and S-nitroquinoline.*^^ Dinitration with hot 
nitric acid yields the 5,7- or 6 , 8 -dinitroquinoline.®^ Nitrations with 
nitrogen dioxide in carbon dioxide as a gaseous diluent give the 7-nitro 
compound at 95 to 100° and the 5,7-dinitro product^® at 155 to 160®, 

Sulfonation takes place in the benz nucleus. Otherwise the reactions 
l)arallel closely those in naphthalene. With concentrated acid at 220 to 
230®, substitution is ortho; at 300®, it Is para (?.c., at Ce). The ortho 
product changes at 300® to the para.®^ With fuming acid, the reaction 
begins at a lower temperature and at 125 to 130° substitutes at Cs and Cs 
and some at C 7 . At 170 and 180®, the 5- and 8 - products only are 
formed. ®“ 

Direct halogcnation of quinoline proceeds with some difficulty. At 
100®, with sulfur dichloride, the /3-chloro derivative is produced. So also 
is the /3-bromo compound formed by heating with sulfur and bromine 
at 200 ®.®* 

Acylation is so difficult that it is necessary to introduce some labilizing 
groups, such as hydroxy, into the benzene half of the molecule. With the 
hydroxyl in the 8 -position, the aCyl group enters the 6 -position^® in 
accordance with expectations. 

Oxidation of quinoline with alkaline potassium permanganate yields 
quinolinic acid.^^ Even when the benzene half is stabilized by a nitro 
group, the pyridine ring is preserved.^^ Oxidation withhypochlorous 

Koenigs, Ber„ 12, 449 (1879), Dufton, J, Chem, Soc., W, 783 (1892); Meigen, 
J. prakt, Chem. [2], 77, 472 (1908). 

Kaufmann and HOssy, Ber ,^ 41, 1735 (1908). 

•• Shobigin and Topchiev, 69, 1874 (1936). 

®^v. Gbobgievics, Monatsh.^ 8 , 577, 639 (1887). 

•^LaCoste and Valeub, Ber., 20, 95 (1887); Ci*aus, J. prakt. Chem, [2], 87, 258 
(1888); Fisoheb, Ber., 20, 731 (1887). 

Edingeb and Lubbebgeb, Ber., 29, 2456 (1896); /. prakt. Chem. [2], 54, 355 
(1896). 

Matsumaba, j. Am. Chem. Soc.^ 52, 4432 (1930); 57, 124 (1935). 

Hooobwebff and van Dobp, Ber.j 12,747 (1879); Rec. trap, chim.y 1, 107 (1882). 

7* ClIus and Kbabceb, Ber., 18, 1243 (1885). 
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acid, however, causes formation of carbostyriF® by an oxidation process 
that probably involves addition and elimination steps. 



« Addition of HOCl to Ca.N, eliminaiion of HX. 

Amination with sodamide, alkylation with lithium alkyls, and other 
reactions are essentially the same as with pyridine. So also are the 
methods for ring opening. 

The salts of quinoline behave, in general, as do those of pyridine. 
The methiodide,^^ for example, changes to N-methyl-a-quinolone (A) 
when treated with silver oxide followed by potassium ferricyanidc; forms 
a dialkyl dihydroquinoline (B) with the Grignard reagent, R'MgX; pro 
duces a 7 -cyanodihydro compound (C) with potassium cyanide which 
on oxidation with iodine yields 


A B CD 

H CN C'N 



4-cyanoquinoline methiodide (Z>). The behavior of the benzoyl chloride 
addition compound with potassium cyanide is different in that the 2 -cyano 
compound, instead of the 4-cyano, is produced (see page 293). 


CeH6(0)C cr 

« KCN. '' HC’l ut room temperature. 


(!6H»(0)C H 


J CN 


COAl + OcHfiCHO 


Quinoline undergoes an interesting reaction when fused with potassium 
hydroxide at 260 to 260®.^® The product is the a-hydroxy derivative, 
carbostyril; and the process is as if potassium hydroxide adds across the 
C—N link and the product undergoes aerial oxidation. The reaction 
is similar, in principle,^® to the addition of potassium hydroxide to nitro¬ 
benzene and other reagents. 


^^Erlbnmkyer and Rosenhek, ibid.j 18, 3295 (1885); Kinhorn and Lauch, 
ibid., 19, 53 (1886). 

Meisenheimer and Schutze, ibid,, 66, 1353 (1923); Kaufman and Widmer, 
ibid., 44, 2058 (1911); Spath and Brunner, ibid., 67, 1243 (1924); Kondo and 
Ikawa, J. Pharm. Soc. Japan, 61, 702 (1931); C.A., 26, 988 (1932), 

Chichibabin and Kursanova, J. Russ. Phys. Chem. Soc., 62, 1211 (1930); 
C.A., 26, 2727 (1931). 

Morton, Chem. Rev., 86, 1 (1944), 
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The effect of the pyridine system on the lability of methyl, halogen, 
and other substituents in the pyridine nucleus is that which would be 
predicted from a consideration of the ammonia aldehyde structure 
already discussed (page 194). Phthalines, for example, are formed 



readily. Aldehydes and other agents, with an active carbonyl group, 
condense with the active methyl group. 

Since selenium dioxide oxidizes methylene groups adjacent to carbonyl 
to a ketone,’'^ it is not surprising that selenium dioxide in hot xylene 
solution oxidizes quinaldine to 2-aldehydoquinoline.^® Likewise, lepidine 
and G-methoxylepidine yield the 4-aldehydo-compounds.^® The selenium 
dioxide should be prepared shortly before use or should be sublimed 
immediately after preparation if stored.®*^ Otherwise, the yield of alde¬ 
hyde is decreased. Quinaldine is converted to a benzoin (A), lepidine to 
an ethylenic product {^B) as by-j>roducts of such oxidations. 


A B 



The three hydrogen atoms of the methyl group of 2-methylquinoline 
are replaceable by bromine. The tribromo product hydrolyzes normally 
with aqueous sulfuric acid to quinaldinic acid and reduces with stannous 
or titanous chloride to w-dibromo- or w-monobromoquinaldine. These 
last two compounds have the unusual property, however, of resisting 
hydrolysis even with oleum at 50® for 12 hr. Aqueous alcoholic silver 
nitrate produces the expected aldehyde and alcohol respectively.®^ 

The quinoline nucleus causes the elimination of more halogen than 
does the phenyl group in the attempted dehydrobromination of the com¬ 
pound analogous to dibromocinnamic acid. 

CDHoN CHCBr)—CH(Br)C02H 4 C^HeN CH^CTICOaH , 

o Aqueous KOH, NaaCOa, alcoholic KOH, boiling HaO, or pyridino. 

In the aromatic series, the product of this reaction is a mixture of 37 per 
cent ci>-bromstyrene, 34 per cent cinnamic acid, and 15 per cent of a-bromo- 

Riley, Mobeley, and Fbibnd, /. Chem. Soc.^ 1875 (1932). 

Monti, Atti accad. Lincei^ 18, 505 (1933); C.A., 28, 4733 (1934). 

Kwabtlek and Lindwall, /. Am. Chem. Soc., 89, 524 (1937). 

*0 Kaplan, ibid., 63, 2654 (1942). 

w Hammick, J. Chem. Soc., 128, 2882 (1923); 1302 (1926). 
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cinnamic acid. In the heterocycKc series, the corresponding process leads 
only to the /3(2-quinolyl)"acrylic acid,®^ all the bromine is lost. 

Resonance ,—Data from heats of combustion show that there is consid¬ 
erable resonance in the quinoline system. The chemical reactions, how¬ 
ever, are as if the double bonds were fixed, a fact that would follow if 
resonance greatly favored one structure. The reactivity of the 2- and 
4-methyl groups®® accords with this general principle. 

This problem of a “static bond” has been tested by the principle 
that coupling should occur on the carbon atom, adjacent to, or conjugated 
with, an activating amino or phenolic group. In other words, if the 
bonds are fixed as in (4), coupling will occur at the 5-position; if as in (^), 
it will occur at the T-position. Other positions can be judged similarly.®^ 

A n 

H2N 

Table I gives the position of the amino group, and the positions of 
expected and realized coupling. Results are in general agreement with 
the notion of limited resonance or of restricted bonds as shown in (i4). 

Tablr I.— (\)UPLiNG Reaction with Aminocjcinolinks 


Position of 

Coupling 

NH 2 group 

Expected 

Observed 

2 

2 

2 (I)iazoamii\p products) 

3 

4 

4 

4 

3 

Failed (no reaction) 

2,4 

3 

2(?) 

5 

8 or 6 

8 and 6 

6 

5 

5 

7 

8 

8 

8 

5 or 7 

, , . 

5 


COMPOUNDS 


Quinoline and Its Homologues. —Quinoline was first observed and 
named when Gerhardt,®® in 1842, destructively distilled quinine over 
potassium hydroxide and isolated the base as the chloroplatinate. It 
was subsequently observed by Runge®® among the products of distillation 

** AiiBRBTs and Bachman, J, Am, Chem, Soc,y 67, 1284 (1935). 

Mills and Smith, J, Chem. Soc.^ 121 , 2724 (1922). 

®*Renhhaw, Friedman, and Gajkwhki, J. Am. Chem, 8oe,j 61 , 3322 (1939); cf. 
LeFIjvre and LEFiivRE, J, Chem. 8oe., 1470 (1935). 

«%3ebhardt, Ann., 42 , 310 (1842); 44 , 279 (1842). 

Rtjnge, Ann, Phys, Chem., 81 , 64 (1834). 
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of coal tar. 2-Methylquinoline*’^ has also been derived from the latter 
source. More recently, a considerable number of homologues of quino¬ 
line^ have been isolated from petroleum. These ^^kero” bases®® have 
one methyl at C 2 with methyl or alkyl groups at C3, C 4 or C%. The com¬ 
pounds are prepared in the laboratory by such conventional syntheses 
as the Skraup and the Dobner and Miller, which were discussed earlier 
in this chapter. Some physical properties of quinoline and its methyl 
homologues are listed in Table II. Quinoline has a characteristic and 


Table II.—Physical Properties of Quinoline and Some op Its Homologues 


Quinoline 

substituents 

M.p., *^0. 

B.p, 

Pres¬ 

sure, 

mm. 

Common 

derivative 

M.p., °C. 

Ref. 

None 

-19.5 

238 

760 

Picrate 

203 


2“ Methyl-®. 

-2 to -1 

246-247 

760 

Picrate 

191 

89 

3-Methyl. 

16-17 

259.6 

760 

Pic* rate 

187 

96 

4-Methyl*. 

9-10 

258-260 

760 

Picrate 

208 

90 

5-Methyl. 

19 

264 

753 

Picrate 

218 

91 

6-MethyP. 

-22 

258.6 

760 

Picratci 

229 

92 

7-MethyH. 

39 1 

257.6 

760 

Picrate 

237 

93 

8-Methyl*. 


247.8 

760 

Pi(*rate 

200 

93 

2-Ethyl. 


256.0 


Picirate 

146-147 

94 

4-Ethyl. 


271-274 


Mercuric cliloride 

154 

94 

2,3-Dimethyl. 

67 

273 

750 

Picrate 

231 

96 

2,4-Dimethyl. 


274 

756 

Chloroplatinatc 

229 

96 

2,8-Dimethyl. 

23.2-23.6 

252 

745 

Phthaliiie 

283 d. 

96 

3,4-Dimethyl. 

65 

290 

737 

Chloroaurate 

177 

87 

4,6-Dimethyl. 


280 

754 

Chloroamidc 

192 d. 

97 

4,7-Dimethyl. 


283 

750 

CWoroplatinate 

227 d. 

97 

4,8-Dimethyl. 


273 

751 

Chloroaurate 

220 d. 

97 

5,8-Dimethyl. 

4-5 

265 

736 

Dichromate 

149 

98 

6,8-Dimethyl. 


268-269 




99 

2,3,8-Trimethyl... . 

55-56 

280 

747 

Picrate 

242 d. 

100 

2,4,8-Trimethyl.. . . 


280 

746 

Picrate 

103 

100 


Trivial names (a) Quinaldine, (6) lepidino, (c) p-methylquinoline, (d) m-methylquinoline, (e) 
o-methylquinoline. 

•• Wallach and W<)stkn, Ber., 16, 1008 (1883), Ciamician and Silbjdr, ibid., S8, 3816 (1905), 
Timmbrmann, Hknnant-Roland, J. Chem. Phys., Si, 693 (1938). 

(0 Knorb, Ann., $86, 94 (1886); Brteb, /. prakt. Chem. [2]. 34, 393 (1886) 

Gabribl and Thixmb, Ber., 88, 1079 (1919), 

•a Skraub, Monatsh., 8, 139 (1881). 

Skraup and Brunner, 7, 140 (1886). 

»« Rebbr, Ber., 1$, 2990 (1886). 

» Bioaa and Bailbt, J. Am. Chem. Soc,, 66, 4141 (1933). 

•« Lake and Bailet, ihid., 66 , 4143 (1933). 

•7 Knobr, Ann., $ 46 , 357 (1888). 

M Lellmann and Amp, Ann., $37, 807 (1887). 

Leeds, J, Am. Chem. Soc,, 6, 1 (1883). 

Perrin and Bailbt, ibid ., 66 , 4136 (1933). 

Jacobsen and Eeimeb, Ber ., 16, 1082 (1^^). 

ScHENCE and Bailey, J. Am. Chem. 5o3r68, 1364, 1865 (1041), 
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penetrating odor and exhibits marked phyvsiological properties. The 
higher homologues vsharo these characteristics, but to a less degree. 

2-Phenylquinolinc,^‘^^ melts at 84® and boils at 303®. 

Reduced Quinolines. — Tetrahydroqiiinoline^ prepared by reduction 
of quinoline, behaves as if it were an N-substituted aniline compound. 
Its N-nitroso derivative readily undergoes rearrangement under the 
influence of alcoholic hydrochloric acid to the para position. It also 
gives dyestuff as does any alkylated aniline.^®® Nitration of its salt 
yields a 7-nitro compound as predicted for a meta-orienting ammonium 
salt. 104 

Kairolin (b.p. 247 to 250®) is the trade name for N-methyltetra- 
hydroquinoline. 106 it is prepared by reduction of quinoline methiodide 
with tin and hydrochloric acid. The compound has an antipyretic 
action. Kairolin does not undergo ring scission with cyanogen bromide, 
although the higher members of the series are cleaved. Hydrogen 
peroxide forms an N oxide that can be separated into its optical antipodes 
by means of the d-brornocamphorsulfonic salt.i°® 

Nitro, Sulfoxiic Acid, and Halogen Derivatives.—These substituted 
quinolines are either prepared by nitration, sulfonatioii, or halogenation, 
or by synthesis. Frequently, both methods are used in order to deter¬ 
mine the position taken by a substituting reagent. For example, nitra¬ 
tion gives the 5- or 8-nitro derivative, which in turn can be obtained by 
{in appropriate Skraup synthesis fr6m a nitroaniline. Since the nitro 
can be converted to an amino and thence to a hydroxy group, the position 
of the sulfonic acid, likewise convertible to a hydroxy group, is detei*- 
mined. By such conventional methods, the positions taken by entering 
groups have been well established. 

Halogen-substituted quinolines are obtained by such common reac¬ 
tions as conversion of a hydroxy to a chloro compound with phosphorus 
pentachloride, by diazotization of an amino group followed by the usual 
steps, or by treatment of a quinoline with a peracid followed by chlorina¬ 
tion of the N-oxide^®®^ to give a 2- or 4-chloro product. Except for 
greater reactivity exhibited in the 2- and 4-positions, the reactions of the 
halogen compounds are the usual ones observed in the aromatic series. 

. Mttrmann, Chem, ZeiL, 7, 273 (1904); Chem, Centr,, II, 454 (1904); (b) 

Bachman and Cooper, J, Org. Cherniy 9, 302 (1944). 

Bamberger, Ann., 267, 21 (1890); Bamberger and Wurtz, Ber., 24, 2055 
(1891); Eibner, tfeid., 29, 2980 (1896). 

DObner and Miller, Ber., 16, 2468 (1883); v. Braun and Auht, ibid.y 49, 505 
(1916); V. Braun, iUd.y 49, 1104 (1916). 

Braun, Grabowbki, and Rawicz, ibid., 46, 3169, 3173 (1913). 

Hofmann and Koenigs, ihid.y 16, 727 (1883); Feer and Koenigs, ibid ,, 18, 
2388 (1885). 

io« Meisenheimer, Ann., 886 , 117 (1911), 
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Hydroxyqiunolines. — 2-HydroxyquinoUne (m.p. 199 to 200®), known 
also as carhostyrilj can be prepared by (a) ammonium sulfide reduction of 
o-nitrocinnamic acid,^^ (b) reaction of quinoline and hypochlorous acid,^* 
(c) fusion of quinoline with potassium hydroxide.’® 

This compound exhibits the customary tautomerism^®’ of hydrogen 
between nitrogen and oxygen. For example, ethyl iodide with the silver 
salt gives the 0-ether; mth the sodium salt it gives the 0- andN-ethers. 
The compound is insoluble in ammonium hydroxide but soluble in 
sodium hydroxide. There is no color with ferric chloride. Phos¬ 
phorus pentachloride yields a-chloroquinoline, whi(*h in turn changes 
to quinoline when reduced with hydrogen iodide. Permanganate 
oxidation gives isatinic, o-H 2 NC 6 H 4 C( 0 )C 02 H, and oxalylanthranilic 
acids, H 02 CC 6 H 4 NHC( 0 )C 02 H. 

8-QuinolinoL —This compound (m.p. 75 to 76®, b.p. 267®) is known 
also as 8-hydroxyquinoline. Since the hydroxy group is in the benz ring, 
the compound can be prepared by any one of the conventional methods 
used for making aromatic compounds such as sulfonation with oleum 
and fusion of the salt with sodium hydroxide^at 225®, or chlorination 
and hydrolysis of the chloro compound with caustic^^^ at 200 to 300® in 
the presence of copper oxide. 

8-Quinolinol forms a large number of complexes with inorganic 
metals which are useful for analysis. For example, the copper, zinc, or 
cadmium complex will precipitate^in sodium acetate solutions when 
the quantity present is as small as 1 part in 630,000, 1,000,000, and 
416,000, respectively. Aluminum, bismuth, uranium, manganese, ferric 
iron, cobalt, and nickel are precipitated when present in larger amounts, 
of the order of 1 part in 310,000 to 250,000. Magnesium forms a precip¬ 
itate from ammonia solution. The crystals arc valuable for gravimetric 
analysis but are not very satisfactory for characterization in micro¬ 
analysis, since the different metal complexes have similar appearing 
crystals.The structure of the copper complexes is illustrated below. 
The similar chelation of hydrogen in S-quinolinol accounts for its volatil¬ 
ity in steam. 

FriedlXnder and MtiLLBR, Ber^j 20, 2009 (1887) ; Knorb, ibid,, 20,930 (1897); 
Booebt and May, J. Am, Chem, Soc,, 81, 608 (1909); Kaufmann and be Pethbbd, 
Ber,, 60, 344 (1917). 

108 Weidbl and Cobenzyl, Monatsh,, 1 , 862 ( 1880 ). 

^®®Magidson and Rtjbtzov, Khim, Farm, Prom., No. 1 , 20 (1936); C.A,, 8 O 9 
1789 (1936). 

“®v. Vorozhtsov, Jr., and Mitzenobndlbr, J, Oen, Chem, (U,S,S,R,), 6, 63 
(1936); C.A., 80, 4862 (1936). 

Bero, j. praki. Chem., 116, 178 (1927). 

Bosenthaler, Mikrochemie, 18, 317 (1933). 
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The principle of metal complex formation has been used in chromato¬ 
graphic adsorption on 8-quinolinoP^® whereby the anions are distinguished 
by their colored zone in the chromatogram, \Oj gray black, WOj" 
yellow, Cu“^ green, Bi“^'^+ yellow, Ni"^ green, Co"^ red, Zn++ yellow 
with intense green fluorescence, Fe"^^ black, and UO^'^ reddish orange. 

8 -Quinolinol with hydroxylamine in 2 N sodium carbonate gives 
6 -amino-8-hydroxyquinoline.“^ In the presence of excess quinolinol, 
atmospheric oxygen converts the product to 5,8-quinolinequinone-5- 
(8-hydroxyquinolylimide). The green color so produced is a very delicate 
test for hydroxylamine. 

8 -Quinolinol in boiling ethanol with iodine gives two mono-iodo 
compounds or a 5,7-diiodoquinoline. The sulfate of 8-quinolinol is some¬ 
times used in medicine as a spermatocide under the name of quinosol.*^® 
8-Hydroxy-7-iodoquinoline-5-sulfonic acid, mixed with sodium acid 
carbonate, is sold under the name of Chiniofon, Yatren, or Quinoxyl. 
It is prepared from 8-quinolinol by iodination and sulfonation. 

Aminoquinolines. —Amino derivatives of quinoline are prepared by 
reduction of nitro groups (if in the benzene nucleus), by amination with 
sodamide, by ammonolysis of a halogen derivative, or by reduction of a 
diazo compound. Many amino derivatives have therapeutic activity. 
For example, S-amino-^-hydroxyquinolinej though itself inactive toward 
malaria, forms N-aminoalkyl derivatives that are valuable as substitutes 
for quinine. A typical preparative method is shown below. The first 



. CH,0|, 




raa HN(CH2)8NH,C1 

A Br(CHs) 8 N= 0 «H 402 , HaNNHa in order to form the phthalhydrazide, hydiolysis with aq.HCl. 


step introduces the alkyl chain by means of a bromo alkyl phthalimide 
reagent. The second step of hydrolysis of the phthalimide derivative is 
usually effected by dilute acid at relatively high temperatures, but 

Erlenmeyeb and Dahn, * Chim, Acta, 22, 1369 (1939). 

Berg and Becker, Ber., 78, 172 (1940). 

^'‘PiBRONE and CHEBtmmo, Atti accad, Lincei, 18, 311 (1933); C.A., 28, 3073 
(1934); Zeifman, Trans, Inst, Pure Chem, Reayents (U.S,S,R,)f 16, 80 (1939); C,A,, 
84, 3745 (1940). 

“•Goodman and Gilmai^, Pharmacological Basis of Therapeutics,” The Mac¬ 
millan Company, New York, 1941. 
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hydrazine readily converts the imide to an aminophthalhydrozidc, which 
is hydrolyzed very easily in thelihird step.^^^ 

Plasmoquiney 6 -hydroxy-8-(^dimethylamino-a-methyl butyl)-aniino- 
quinoline, is one of the substitutes for quinine. It derives its name 
because of its plasmocidal action. It kills sexual malaria parasites but 
does not cure malaria. 

HO 


1 

CHaCH(CH,)3N(C‘H,)2 



NH 


The variation of activity of such compounds with structural change^ 
is well illustrated in Table III. 

Table III.— Effect of Substituents in Quinoline on Therapeutic Activity 


Substituent in position 

Therapeutic 

6 

8 

index 

C^HaO. 

(C 2 Hb) 2 NCH((^H 3 )(>H 2 CH 2 NH— 

(C 2 HB) 2 NCn(CH 3 )CH 2 NH— 

(C 2 H b) 2 NOH 2 CH 2 CH 2 NH— 
(C 2 HB) 2 N( ^HjC JH 2 CJH 2 NH— 
H 2 NCH 2 (^H 2 CH 2 NH— 
(C 2 Hb) 2 NCH 2 CH 2 CH 2 NH— 

25 

CH 3 O. 

2 

Cl. 

2.5 

CHjO. 

16.5 

(^.HsO. 

13.3 

HO. 

18.5 



Quinolinediazoxides. —5-Hydroxy-2,3,8-trimethylquinoline, isolated 
as the hydrobromide (brick-red needles that melt at 330 to 335°), is 
obtained from 2,3,8-trimethylquinoline. Nitration of this hydroxy com¬ 
pound or of its methyl ether introduces a nitro group in the G-position 
and reduction by stannous chloride of the nitromethoxy product, in turn, 
produces 6-amino-5-hydroxy-2,3,8-trimethylquinoline. Diazotization of 
this last product prodjgjjes a deep-red diazo oxide, which possibly has the 
resonance formula shown below. 



Baldwin, J, Chem, Soc,, 2059 (1929). 

118 Oettinger, “Therapeutic Agents of the Quinoline Group,” Chemical Catalog 
Company, Inc., New York, 1933. 

Magidson and Bobyshev, J. (Ten. Chem., U.8.8.R., 8 , 899 (1938); C.A., 88 , 
1327 (1939). 
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' * 

Such a compound^^*^ is alkali-insoluble, is stable to long boiling in ethanol, 
and is convertible to 5-hydroxy-2,3,8-trimethylquinoline by elimination 
of nitrogen under the reducing influence of an alkaline solution of sodium 
hydrosulfite. When a pyridine solution of the diazooxide is boiled with 
an alcoholic solution of hydroxylamine hydrochloride, the dioxime is 
obtained and this compound, in turn, is converted to a furanoquinoline 
by hot 10 per cent sodium hydroxide. 



Formation of these diazooxides, i.c., internal diazoanhydride, is apt 
to occur whenever an o- or p-aminophenol is converted to a diazonium 
salt and the acidity of the medium is diminished. 

AldehydeSi Ketones, and Acids. — 2-Aldehyd(h and 4r-aldehydo-quino- 
line are most conveniently prepared by oxidation of the corresponding 
methyl derivative with selenium dioxide as dcvscribed before. Quino- 
line-2-aldoxime forms chelated metal compounds and therefore has a 
cis-configuration. ^22 The oximes of 3,8-dimethyl-2-acetyl- or 2-propionyl- 
quinoline, however, show no reaction with metallic ions.^^® 



The aldchydo compounds yield the ordinary derivatives such as the 
oxime and phenylhydrazones. They also yield i9-hydroxy-i3-quinolyl-a- 
nitroethanes when treated with nitromethane and a few drops of diethyl- 
amine.^® Similarly, mono- and di-condenj^ation products are produced 
with acetone under the influence of 10 per cent caustic soda solution. 



CH(0H)CH2N02 



0 

CH(0H)CH2CCH3 


^2® Modlin, Jb., and Buboer, J, Am, Chem, Soc., 6 $, 1115 (1941). 

121 Moroak and Tomlins, J.Chem, Soc.^ Ill, 497 (1917). See, however, Staud- 
INQISB, Hdv, Chim, Acia^ 4, 239 (1921). 

lit Taylor, Winckles, and Marks, J, Chem, Soc,^ 2778 (1931). 

Burger and Modlin, Jb., J, Am. Chem, Soc,^ 62, 1079 (1940). 
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Ketones can be prepared conveniently by treating the aldehyde with 
diazoalkancB.^^® For example, 3,8-dimethyl-2-aldehyde condenses with 
diazomethane, and better with diazoethane, to form the corresponding 
3 , 8 -dimethylquinolyl methyl and ethyl ketones. Ketones can also be 
obtained by allowing a Grignard reagent to react with the nitrile,as 
shown by partial formulas below. 


CN RC^NMgX_^ RCO 

4 4 4 


Carboxylic acids are obtained by a variety of conventional processes. 
Oxidation of methyl groups by chromic or chromic-sulfuric acid is fre¬ 
quently used. Another process is the condensation of an active methyl 
group with an aldehyde, followed by ozonolysis and oxidation of the 
styryl product. Sulfonation followed by conversion to the nitrile and 
hydrolysis is \iseful for preparing acids with the carboxyl group attached 
to the aromatic nucleus. The Skraup synthesis with aminobenzoic 
acids or with toluidines (the methyl group is subsequently oxidized) 
is valuable. 


Table IV. —Physical Properties op Some Quinoline Carboxylic Acids 


Position of M.P., 

CVboxyl Groups 

2« 157 

3 275 (1. 


46 

5 

6 

7 

8 

2 , 3 *’ 

2.4 


253-254 

338 

290-291 
248-249 
186-187.5 
120-130 d. 
246 d. 


Common names (a) quinaldinio acid, (6) cinconinic acid, (r) aendinic acid. 


As would be expected, a carboxyl group, a or 7 to the nitrogen atom, 
is thermally unstable. Loss of one equivalent of carbon dioxide at the 
decomposition point can be; expected as part of the behavior of such 
acids. 

Decarboxylation of quinaldinic acid (and also of isoquinaldinic and 
a-picolinic acid) in the presence of benzaldchyde, acetophenone, or benzo- 
phenone. CB^ises the formation of a carbinol according to the equation 

vjsr#^ C!0«H + Cai.CHO - CHCJH. 

(!)H 


, Kaxtpmann, Kunklkr, and Peter, Bcr., 45, 3573 (1913). 
Johnson and Adams, J. Am, Chem, 80 c., 46 , 1307 (1923). 
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Such a reaction occurs only in the case of these acids. It is explained^^e 
on the basis that the system, N—C, is essentially the cyanide ion N=C 
with one of the three bonds replaced by a ring and that a reaction analo¬ 
gous to cyanohydrin formation occurs during decarboxylation, 

2-Alkox7-cinchoninic Acid Aminoalkylamides. —Compounds of this 
type have an anesthetic reaction. The potency depends on the size of 
the alkoxy group and on the number of methylene groups between the 
amide and dialkylamino groups’^^ (r/. cocaine, page 249). Nupercaine, 
also known as Percaine, is 2-butoxy-N-(i8-diethylaminoethyl) cinchonin- 
araide hydrochloride and is a local anesthetic of high potency and high 
toxicity.^^* It is made from oj-butoxycinchoninic acid and ethylene 
diamine, with subsequent ethylation of the amino group. 

C^(0)NHCH2CH2N(C2H6)2HC1 

OC4Hfl 

Nupercaine Ciucophen 



CO 2 H 



Cincophen .—This compound, sometimes called atophan, has been 
used as an antimalarial, although it has some tendency to damage the 
liver.The physiological activity in this class depends on a quino¬ 
line nucleus, an aryl group at C 2 , and a carboxyl group at C 4 or C3. 
The quinolyl and aryl groups may have substituents, and the carboxyl 
group may be replaced by the amide or ester. Cincophens are usually 
prepared by Pfitzinger^s reaction (page 273). The parent compound 
melts at 171® and loses carbon dioxide at a little higher temperature. 

The Quina Alkaloids and Related Compounds, — Ruban^^^ is the mother 
substance of the quina alkaloids and has the structure shown in (A) 
below. Ruhatoxin is similar except that one of the quinuclidine rings 
is opened (B), These names are derived from Rubiaceas, the natural 
source of the alkaloid, and were given by Rabe in an eflFort to simplify 
the naming of compounds related to quinine. 



Ashworth, Dafpern, and Hammick, /. Chem, Soc,, 809 (1939). 

Magidson, Fedotova, and Zverev, J, Oen, Chem, {U,S,S,R,)f 9, 2097 (1939); 
C.A., 84, 3882 (1940). 

138 «xhe Merck Index Ref. 116. 

V. Braun and Brauns, Ber., 60, 1263 (1927); Benart, ihid,f 66, 1569 (1933). 
i»®Ra»R, t6id., 66, 622 (1922). 
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The synthesis of rubatoxin^^^ begins with the condensation of j3-(tetra- 
hydro-4-pyranyl)-propionic acid (see Chap. IX for derivation from 
7 -tetrahydropyrone) with ethyl cinchoninate by means of sodium 
alkoxide, and thence by conventional steps of reduction and transforma¬ 
tion of the oxygen atom to nitrogen progresses to the desired end. 


C02Et 



« NaOEt, hydrolysis and decarboxylation, Wulff reduction, fuming HBr, ale. NHj. 

One method^ for obtaining a ruban derivative is given below. 


H 



® The quinolylaldohyde component is obtained from 4-methylquinoline by condensation with 
chloral under the influence of pyridine at 85 to 90®, treatment of the aldol product with alcoholic KOH 
in order to eliminate water, and to hydrolyze the halogens, careful oxidation, of the sodium salt of the 
acrylic acid at —10® with permanganate in a mixtuie of cWoroform and ether. The 3-kcto quinuclidine 
component is prepared by a Dicckmann reaction as described in the previous chapter. The quinolyl- 
nldehyde and ketoquinuclidine condense with each other under the influence of piperidine acetate. 
The double bond is then reduced by Ha over Pd. The 5-keto ruban can be reduced by aluminum 
isopropoxide to ruban-5-ol. 

Quinine is 6'-methoxy-3-vinyl-9-rubanol. It is used^^® principally 
as an antifebrifuge and to some extent as a spermatocide, although in the 
latter case a reliable degree of activity is not reached except with concen¬ 
trations that are not safe. Its importance as a cure for malaria has 
stimulated numerous chemical investigations. So much is this true that 
not only the name but also much of the chemistry of the quinoline com¬ 
pounds stems from the interest in its medicinal properties. The stimula¬ 
tion to chemical investigation was comparable in its day to that aroused 
by the discovery of the sulfa drugs in modem chemotherapy, since 
malaria was a scourge for which there was then no relief. 

The discovery^®* of the therapeutic value of the quina alkaloids fol¬ 
lowed the Spanish conquest of Peru. It is not certain that the native 
Indians used it, but the Spaniards early discovered its value. An 

pRBLOO, Seiwerth, Hahn, and Cerkovnikow, Bcr., 72, 1325 (1939). 

Clemo and Hogoarth, J. Chem. Soc,, 1241 (1939). 

(a) Henry, *‘The Plant Alkaloids,*' 3d ed., The Blakiston Company, Phila¬ 
delphia, 1939; (5) Major, Disease and Destiny,” D. Appleton-Century Company, 
Inc., New York, 1936; (c) editorial in Chem, c(nd /nd., 61, 218 (1942), 
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oflScial in Ecuador is reported to have been cured of malaria in 1630. 
The physician to the Countess Anna del Chinchon, wife of the viceroy 
of Peru, is popularly supposed to have observed the marvelous cure of 
her illness in 1638, but this story has recently been denied because the 
Count^s diary contains no record of such an event or that his first wife 
was ever in Peru. The drug was introduced in Spain in 1639; and its 
use spread rapidly under the name of Peruvian bark, Jesuit bark 
(because the Jesuit order was very active in furthering its usej and car- 
dinaPs bark. The opposition of some conservative physicians, who could 
not reconcile its use with the teachings of Galen, made exploitation by 
charlatans very profitable. The name of Jesuit bark also retarded its 
introduction in some quarters because of the intense religious controversy 
which then prevailed. Quinine is now extensively cultivated in Java 
where the Dutch have succeeded in increasing the yield and quality of 
the commercial product. About 5 per cent of the weight of the bark is 
quinine. 

Over 20 alkaloids^^®" have been isolated from various species of cin¬ 
chona and cuprea. The most important are quinine, quinidine, cincho¬ 
nine, and cinchonidine (see Table V). The structural formulas of all the 
twenty some alkaloids are not known. 


Table V.— Some C/INchona Alkaloids and Derivatives 


Formula 

Dextrorotatory 

Levorotatory 

Functional 

change 


Quinidine 

Hydroquinidine 

Cinchonidine 

Quinine 

Hydroquinine 

Cinchonine 



Ethyl for vinyl 
Methoxy free 
OH for OCRs 

F! ;;... 

f ^ IjTl 22 ^ 4 "^^ 2 . 

Cupreine 

Ci»H240N2 . 

Hydrocinchoni- 

dine 

cpi-Quinidine 

Ci»H2402N‘. . 

epi-Quinine 





The natural cinchona alkaloids and many of their derivatives have 
similar pharmacological properties. Antimalarial activity^®*® is not 
related to the direction of rotation, although instances are known where 
patients are allergic to the levo- but not to the dextro-rotatory drugs. 
Presence of a vinyl group is.unimportant. Indeed, hydroquinine (ethyl 
in place of vinyl) is more active than quinine; and a product free from the 
vinyl or ethyl group is also active. Presence of the secondary alcohol 
between the quinoline and quinuclidine portions is essential. Changes 

Prelog, Stern, Sbiwerth, and Heimbach-Juhasz, Naturwisaemchaften^ 28, 
750 (1940). 

Renfrew and Crbtchbr, Ckem, Rev,^ 30, 48 (1942), 
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at the 0-alkyl ether modify the toxicity. According to one view, the 
biological activity of quinine, cupreine, and related drugs may be a func¬ 
tion of the size or space occupied by the molecule.^®® 

Mild oxidation of quinine converts the carbinol group to a ketone, 
which, by vigorous oxidation, is split into quininic acid—0-methoxyquino- 
line-4-carboxylic acid—and a derivative of the quinuclidine half (see 
Fig. 2). Degradation products of the quinuclidine portion are dis- 

C’02H 

Quinine 
1 “ 

H CH 2 CO 2 H H CH 2 CO 2 H H CO 2 H 

H2|-'''"^HrH=-CH2 H2|''^''^HC02H . Ih 

~'H2kNJH2 

H II H 

Meroquinoneno Cincholoiponic Loipontc acid. 

acid Hexahydio- 

ciuchumeruuic 
acid 

« Mild oxidation with CrOa converts the secondary alcohol ^roup to a ketone. Vigoious oxidation 
by C1O3 cleaves the systeui to quininic acid and meroquienene. KMnO-u “ KMnO*. 

Fio. 2.—Products derived by oxidation of quinine. 

tinguished by use of the word loipon, e.gr., cincholoiponic and loiponic 
acids, from XotToo-, meaning ^^a residue,or by the prefix mcro- from 
/iepotr, meaning ^^a portion.^^ The structure^®^ of cincholoiponic and 
loiponic acids was indicated by conversion to pyridine compounds and 
was proved by synthesis of d-cincholoiponic acid. The starting material 
is A®-piperidine-i3-aldehyde, itself obtained by treatment of the iminodi- 
propionacetal, HN(CH 2 CH 2 CH[OEt] 2 ) 2 , with fuming hydrochloric acid. 

H CH 2 CO 2 H 

H H H 

« H 2 NOH, SOCI 2 . 1,4-Addition of NaCH(C02Et)2, Ba(OH )2 in order to hydrolyze the nitrile, 
resolution by use of the brucine salt. 

Another scheme of degradation operates through an oxime. For 
example, the hydrosulfate salt of cinchonine (see Fig. 3) when refluxed 
in alkaline sodium acetate medium gives cinchonicine, otherwise known 
as cinchotoxine. This material, in turn, forms an isonitroso derivative 
with amyl nitrite. Subsequent treatment with phosphorus penta- 
chloride cleaves the oximino system to an acid and a nitrile. A similar 

1** Slotta and Bahmisch, Ber., 68 , 754 (1935). 

WoHL and Losanitsch, Bcr., 40, 4698 (1907); WottL and Maag, ibid,, 42, 627 
(1909). 

Koenigs, Ber., 40, 648, 2873 (1907). 
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degradation carried out on quinotoxine, derived from quinine,^®* gives 
a different acid, quininic acid, but the same meroquineninenitrile. 


H 



« Hydroaulfate salt in boiling aqueous-acetic acid and sodium acetate. CslluONO, PCU in CHCli. 

Fig. 3.—Decomposition of cinchonine into two products. 

The synthesis of quinine^*® requires (1) the preparation of the quino¬ 
line part (Q) from anisidine, (2) the formation of the piperidine part (P) 
from 7-hydroxyisoquinoline, and (3) the union of these two parts and the 
formation of the bicyclic ring system, the first and third sections by the 
same methods used by Rabe in his synthesis of dihydroquinine. 

1. Quinoline part (Q). 



Large R »• CHiOCsHa. 

« Heat to form the anilide followed by ring closure with sulfuric acid. PCh 4* POClj, A1 HOAc, 
CeHiCHO + ZnCU, KMn04, HCl + CsHsOH. 

2. Piperidine part (P). 



« Formaldehyde and piperidine (a Mannich reaction) to give a —CHa-NCsHw substituent at Cs, 
hydrogenation over Pt in order to form 7-hydroxy-8-niethyl-l,2,3,4-totrahydroi8oquinoline, acetyla¬ 
tion, Hs + R^^ney Ni in order to form a decahydroisoquinoline, oxidation by chromic anhydride in 
acetic acid. The cis form (cia with respect to the hydrogens at the fusion line of the two rings) is 
isolated. * Ethyl nitrite and sodium ethoxide in order to open the ring and form the ethyl ester of 
N-acetyl-lO-oximodihydrohomomeroquinene (see paragraph below), reduction to the 10-aminodihydro 
compound, CH»I -b KaCOi, in order to form a quaternary salt, alkali degradation of the quaternary 
salt (exhaustive methylation process) to give the vinyl group, esterification, bensoylation. 

The ring opening of T-keto-S-methyldecahydroisoquinoline by ethyl nitrite and sodium ethoxide is 
a novel feature in this synthesis. Ordinarily the reaction of nitrous acid with a ketone causes con¬ 
densation at the methylene group and formation of an isonitroso ketone. In Knorr’s pyrrol synthesis 
nitrous acid or amyl nitrite thus condenses on the ethyl rather than the methyl side, that is, at the 


Rabe and Milarch, Ann., 882 , 366 (1911). 

Woodward and Doerino, J, Am. Chem, Soc.^ 66, 849 (1944); 67 , 860 (1945). 
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carbon atom that has the fewer hydrogen atoms. In the present instance the attack of ethyl nitrite 
is also at the carbon atom that is lean in hydrogen atoms. Oxime formation occurs as in the equation 
below, but the ring is necessarily opened. 


Ao-CeHHN* 


CHaCHaCO 
—(CHa)CH 


+ 


CaH»ONO Ac CeHsN. 


) 


CHaCHaCOaEt 

-~(CH»)C=NOH 


For other instances of similar ring cleavage in homocyclic systems, see Clarke, Lapworth, and Wecht>ter, 
J, Chem. Soc., 93 , 30 (1908). This over-all view of the reaction can be supplemented by more detailed 
pictures. The condensation of the ketone with ethyl nitrite can be regarded as one like one between 
two esters as in the formation of eth 3 d acetoacetate with subsequent alcoholysis and cleavage of the 
nitroso ketone, —C(0)—C(NO)—, product. An electronic mechanism, in which a center of anion 
activity forms at the tertiary carbon and attaches ethjd nitrite, after which ejection of the ethoxy 
ion occur together with other necessary changes, has also been written**® for this interesting change. 

3. Union of the two parts and completion of synthesis. 


Q a CHaOCftHfiNCO 6 j CHaOCi^HaXCO c 

r C'H2=OH CiH,N CH2(*'HCO,Et~* CH2=CH C5H,N OH2l?-Hj 



« NaOEt. 'I’he benzojd radical is lost during this Claiseu condensation. ^ Hydrolysis and decar¬ 
boxylation. ^ NaOBr. ^ NaOEt, Hj + Pd, resolution with d-tartrate. 


The formula of cupreine is the same as for quinine except for the 
replacement of a methoxy by a hydroxy group. Hydrocupreine (ethyl 
for vinyl) has considerable value as an antimalarial.^^® The ethyl 
ether, in the form of the hydrochloride, is known as Optochin hydro¬ 
chloride. It is a specific against progressive infection with pneumo¬ 
cocci. In the large doses often necessary to influence the course of 
pneumonia, it is apt to be toxic or cause severe eye disturbances. Th(^ 
toxic character is reduced by alkylation of the potassium salt of hydro¬ 
cupreine with ethylene chlorohydrin, glycol mono-p-toluene sulfonate, 
or jS-chloroethyl vinyl ether in accord with the general opinion that com¬ 
pounds with an alcoholic hydroxyl group are less toxic than the corre¬ 
sponding hydrocarbon. 

When cupreine is methylated, the product is quinine; but when 
quinine is demethylated with hydrochloric or sulfuric acid, the product 
is an isomer of cupreine, called apoquinine or /S-isocupreine.^*® This 

Morgbnroth, Naiurtoiaaemchafiefif No. 26, 1913; C.A., 8, 182 (1914). 

142 Butler, Nelson, Renfrew, and Oretcher, J, Am, Chem. Soc.j 67, 675 
(1935). 

Jarzynski, Ludwiczakowna, and Suszko, Rec. trav. chim., 62, 839 (1933); 
Henry and Solomon, J, Chem. Soc.j 1923 (1934); Chemistry d Industry, 64 , 641 
(1936). 
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compound^^^ differs from cupreine in that the vinyl has isomerized to an 
alkylidene radical, ^==CHCH 8 . The alkyl ethers of these compounds 
have also a marked antipneumococcic activity. The jS-hydroxy-n- 
propyl ether has a very strong bacteriostatic action and a lower toxicity 
than the alkyl derivative. 

Dihydroquinidnols (d and are 7 -piperidine derivatives, as in (4), 
which have a close resemblance to dihydroquinine. Nevertheless, they 

A B 

H 

e-CHaOCoHsNC^OH 



arc devoid of any significant antiplasmodial action when tested on bird 
malaria. If, however, the piperidine ring is attached at its alpha posi¬ 
tion, as in ( 2 ?), the two diastereoisomerides obtained are both active. 
The difference between these two compounds lies in the number of carbon 
atoms betwedh the quinoline nucleus and the disubstituted nitrogen in 
the piperidine ring. In fact, it is possible, as shown below, to prepare 
compounds with antimalarial activity that differ from quinine in the 
matter of the quinuclidine ring but still have two carbon atoms between 
the secondary nitrogen and the quinoline nucleus. 


Ethyl quinonatc 
+ 

Ethyl acetate 

CH,00,H5NC(^)CHsC02Et 

CH,0C,H5yC(0)CH2Br 


Benzyl amino 
4" 

Hexyl bromide 
CeH6CH,N(CoH,8)2 
HNCCeBis)^ 


71 

CH,0C9H5NC(0)CH2N(CeHi8)2 

CH,OC,H.N-CH(6^)CH,N(Caiis)! 

«NaNHs. ^ Hydrolysis with 25 per cent HsS04, broraination with Br 2 in CHCli. 
Ha + PtOa in glacial HOAo at 70®. • Reaction in hot aniline. Ha + PtOa. 


»KOH. 


The dibutyl, diamyl, and dihexyl compounds are active; lower and higher 
homologues are inactive. 

This compound has also been called apocupreine. The latter designation docs 
not conform^^* to the common meaning of the prefix opo-, since isocupreine is not 
derived from cupreine but from quinine. 

Ehnfrisw, Crbtchhb, and Souther, /. Am, Ckem, Soc,^ W, 227 
(1937); Green, Renfrew, and Butler, ibid., 61, 1783 (1939). 

Kii^o apd Work, /. Chem, Soc., 1307 (1940); Work, ibid., 1316 (1940). 
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Cusparine» —The bark of Cusparia trifoliaia, Engl is used as a bitter 
principle in medicine.It contains quinoline, 2-methylquinoline, 
l-methyl-2-quinolone, 2-dihydroquinoline, 2-amylquinoline, cusparine, 
galipine, and other alkaloids. 

OCH3 OCBz 

CH, |\\n^('H,CH, 

« Piperonal + ZnClj at 125®, Hj over Pd on caibon. 




Synthesis of cusparine is effected by catalytic reduction of the conden¬ 
sation product of 4-methoxyquinaldine with piperonal. Galopine has 
the same structure except for two methoxy groups in place of a methylene- 
dioxy group. 

Acyl-1,2-dihydroquinaldonitriles. —These compounds are interme¬ 
diates in the conversion of an acid chloride to an aldehyde. They are 
obtained by addition of a benzene solution of the acid chloride to a 
solution of dry hydrogen cyanide in quinoline at —5°. The mixture is 
allowed to stand about 16 hr. in order to allow quinoline hydrochloride to 
separate. The nitrile is readily hydrolyzed with 5 to 10 sulfuric acid 
to quinaldinic acid and an aldehyde. Typical yields of aldehyde are 
96 per cent for benzaldehyde to 77 per cent for p-chlorobenzaldehyde, to 
64 per cent for isovaleral and 10 per cent for propional. 



« The aldehyde is removed by steam distillation of the acyldihydroqumaldonitrile in 5 to 10 N sul¬ 
furic acid. 

QuinMine Dyes. —Quinoline yellow (m.p. 234 to 235®) is a dyestuff, 
now obsolete, that is formed when quinaldine is heated with phthalic 
anhydride and zinc chloride. The yellow dioxane solution gives a 
dark-red, a dark-orange, and an orange-yellow precipitate when treated 
with lithium, sodium, or potassium methoxide, respectively. The potas¬ 
sium derivative, treated with methyl sulfate, gives an N-methyl deriva¬ 
tive, which gives no color with sodium methoxide and is degraded by 
oxidation with nitric acid to N-methyl-a-quinolone. These facts are in 
accordance with the assumption^®! a zwitter ion is present. 

SpXth and Pikl, Monatsh,f 66, 352 (1930). 

'*®Spath and Brxtnnkk, Ber., 67, 1243 (1924). 

!« Grosheintz and Fischer, /. Am. Chem. Soc.^ 63, 2021 (1941). 

Eibner and Merkel, Ber.y 87, 3006 (1906). 

KtTHN and BXr, Ann., 616, 155 (1935). 
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Flavaniline^®^ is a dyestuff prepared by dehydration of acetanilide 
with zinc chloride or with excess acetic anhydride. The reaction proceeds 
in two stages: first the rearrangement of the N-acyl group, and second 
the condensation of the products to form the dye. The compound has 
since been displaced by better dyes. 


06H*NHC(0)CH3 o-H2NCeH4C(0)CHs + p^n2NCtRiC(0)CBi 
OH, 


pco 

H,C 

J —► 


|\NH, 

OCC6H4NH2(p) |\v 



The cyanine dyes^®* confer extra sensitiveness on silver halide photo¬ 
graphic plates. Films that are ordinarily sensitive to the violet and blue 
region only of the spectrum become sensitive to the green, yellow, orange, 
red, and infrared when made or treated with the dye. Although this 
class of dyes was known in 18G0, the application as photographic sensi¬ 
tizers was not known until 1928. The compounds owe their color^®^ to 
a chain of alternating single and double bonds by virtue of which there 
is resonance caused by one equivalent of acid for two equivalents of the 
nitrogen atoms in the dye. 

The dyes^®® consist of a quinoline ring with a tertiary nitrogen, joined 
directly or through carbon atoms, to another quinoline ring with a 
quaternary nitrogen. The simplest class, known as the apocyanines^ 
contains no methenyl group between the two rings. They are prepared 
by boiling a concentrated methyl alcoholic solution of a quinolyl alkyl 
halide with caustic potash. Hydrochloric acid is eliminated; two isomeric 
dyes are formed. The formula of either dye can be written with two 
sequences of alternating single or double bonds either of which satisfy 
the valence requirements. Resonance exists. 

(a) Fischer and Rudolph, Rer., 15, 1500 (1882); (6) Besthorn and Fischer, 
ibid,, 16, 68 (1883). 

Mills and Ordish, /. Chem, Soc.f 81 (1928); c/., Ann. Repts.j 26, 180 (1928), 

Broorer, Rev. of Modem Phys,, 14, 275 (1942). 

Doja, Ckem. Rev., 11, 273 (1932). 
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Erythroapocyanine 


«KOH. 



Xanthoapocyanine 


The eiythro (red) isomer has more color because there are more 
double l)onds between the two nitrogen atoms than are found in the 
xantho (Greek word for yellow) isomer. The structure of these com¬ 
pounds is shown by their degradation to a known diquinolyl 



o Oxidation by I 2 oi by dilute KMn04 in order to foim the diammonium salt. Heat in vacuum in 
Older to eliminate 2RI. P’riedldiider’H synthesis between o-aminobcnzaldehyde and 4-quinolyly- 
liyruvaie, which is prepared from lepidinc, ethyl oxalate, and potassium methoxidc. Hydrolysis and 
decarboxylation completes the formation of the diquinolyl. 

C'yanine dyes with one carbon atom between the two rings are pre¬ 
pared l)y a similar reaction between quinaldine ethiodide and quinoline 
ethiodide. 



Isocyanine 


A corresponding reaction with lepidinc yields cyanine. The structure 
of these compounds is also shown by oxidation with permanganate. 
For example, isocyanine splits to the methosalt of cinchonic acid and to 
l-methyl-2-quinolone. 

Two quinoline rings with reactive methyl groups may be linked 
together with formaldehyde when their ethiodides are treated with 
sodium ethoxide. Cryptocyanine^ a purple-black dye, whose sensitizing 
action extends far out into the red, and carbocyanine^ the well-known 
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commercial pinacyanole^ are made in this manner from lepidine and 
quinaldine ethiodides, respectively. 


/CeH, 
EtN 


H H H 

=C—C=C— 


Large R * 


Cryptocyanine 


0 - 1 '- 


Curbocyanino 


When lepidine alkyl p-toluenesulfonate is condensed with orthoformic 
ester in a small amount of pyridine, and the salt is converted to the 
bromide by sodium bromide, the product is neocyanine. 



The preparation of cyanine dyes that have nitrogen instead of carbon 
links between the two quinoline nuclei is illustrated by the reaction 
between l-methyl-2-quinolonehydrazone and quinoline-2-aldehyde meth- 
operchl orate. 



The chioro product is treated successively with CH 3 I at 80® for 30 hr., llzNNHCOzCHa in hot alcohol, 
hot Ha. 

6 The hydrazone is treated with N<methylquinaldmiuin perchlorate, which is made from the dimethyl 
eulfate addition product of p-uitrosodimethylaminobenzaldehyde and sodium pci chlorate in the presence 
of piperidine. Hydrolysis with dilute acid gives the colored salt. 


Similar dyes are prepared from other heterocyclic nuclei (see ben- 
zothiazole, Chap. XIV). 

Dimethylaminobenzaldehyde has earlier been observed to con¬ 
dense readily with active methylene groups and yield colored salts. 
The styril compounds produced from the reaction of this aldehyde 
Avith the quaternary salts of pyridine and quinoline are also photographic 
sensitizers.^®’ 

h.nQ!o + ch.O 

R+X- 

<• Piperidine as a condensing agent. 

Fuchs ^nd Grauaug, Bfr., 61, 57 (1928). 

Mills and Rapbr, /, Chem , Soc ,, 127, 2466 (1925). 
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The first step in this process is the formation of the active methylene 
base, which then condenses with the aldehyde to form the allene com¬ 
pound, which in turn adds hydriodic acid. These steps are shown clearly 
in partial formulas below for a molecule large enough to retard the 
changes to the point where the steps can be isolated readily. 

la I 1 H . I 11 H 

CHs —* —CH 2 —C-=CR 

Et Ei Et<)l- 

The quinoline system is bonzof/lquinoline, i.e„ .5,0-beiizoquinolinc. 

R p-diraothylaminopbenyl. 

® NaOH with air. Dimethylaminobenzaldehyde. « Piperidine hydrochloride. 


A further illustration of the variety of dyes in this class is found in 
the product of the condensation of 4-chloro- or 4-phenyl-mercaptopyridinc 
ethiodide with lepidine ethiodide in the presence of triethylamine at 
100® to give a l,r-diethyl-4-pyrido-4'-cyanine salt.^^® 


_ \C^4/ r _ \C^4/ - 

SC,H. + H.C A Et^ ^=-C--<^^'^Et ClOr 

“ EtaN. The thio ether was obtained from 4-chloroi)yridino and plienylmercaptau followed by 
treatment with ethyl iodide. The dye was precipitated as the perchlorate. 


Naphthyridine. —The di-nitrogen heterologue^®® of naphthalene is 
called naphthyridinc. It is prepared from a pyridine compound by 
methods that are entirely similar to those used in preparing quinoline. 
The sequence of reactions shown below illustrates the parallel nature 
of the changes. 

O C02Et H2CC02Et a 

NHa 0 (';c:h, ** 

• NaOH in aba. ale. at 140 to 150° for 7.5 hr., aq. KOH, HCl, PCU. 


Problems 

1 . What is the product that results from the reaction of the following? (a) 
The monoanilide of malonic acid and phosphorus pontachloride.'® (6) Aniline, sul¬ 
furic acid, sodium m-nitrobenzenesulfonate and a 2-alkyl-1,3-diethylglyceryl ether 
heated together for 24 hr. at 130 to 135°. (c) 2-Aminobenzaldehyde and metazonic 

acid, C 2 H 4 N 20 « (metazonic acid is the oxime of nitroacetaldehyde which is prepared 
from 2 molecules of nitromethane and caustic alkali, and which exists in the equilibrium 
form OaNCHjCH^NOH ?=±HOON=CH—CH-=NOH), followed by treatment of 
the product with stannous chloride and hydrochloric acid.** (d) Ethoxy acetonitrile 
(how prepared?) with methylmagnesium halide, and the product of this reaction 

^** Sprague and Bbookeb, /. Am. Chem. Soc.j 59 , 2697 (1937); Brookeb et al, 
ibid., 52 , 1116 (1940). 

KoLbER and Strang, Momtech., 60, 144 (1929). 

Darzens and Meyer, Compi. rend., 198 , 1428 (1934); C.A., 28 , 4422 (1934), 
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treated with isatin in the presence of 33 per ce^t alcoholic caustic.(c) Arsanilic 
acid and benzaldehyde refluxed together in absolute alcohol until the acid is dissolved 
and the solution then treated with pyruvic acid.^*® (/) P^thyl acetonedicarboxylate, 
OC(CH 2 COOCjHj) 2 , and aniline at 100 ® followed by treatment with concentrated 
sulfuric acid.^®* {g) o-Aminobenzaldchyde and oximinoacetonc, CH 3 COCH=NOH, 
with 40 per cent potassium hydroxide.'*® {h) o-Aminoacetophenone boiled with 
formic acid.'®* (t) Anthranilic acid and furfural.'®^ (j) N-Benzenesulfonylan- 
thranilic acid boiled with acetic anhydride.'®® (A;) o-Toluidine, glyoxal, and caustic 
soda at 150®.'®® (Z) 6 -Methoxyindole warmed with chloroform and sodium ethoxide. 

(m) o-Nitronaphthalene, naphthylamine sulfate, glycerol, and concentrated sulfuric 
acid heated together until reaction begins (150 to 160®) and finally refluxed together.'®* 

(n) o-Chlorohydrocinnamic acid heated with copper and ammonia.*® 

2. The following questions are based on analogies with the reaction of pyridine 
compounds. What is the product formed from the following? (a) N-Propyl- 
tetrahydroquinoline and cyanogen bromide,'*® (5) Quinoline and methyl acetylene- 
dicarboxylate.'^® (c) The iodomethylate of 6 -acetylaminoquinoline treated with 
caustic alkali and then with potassium ferricyanide.'^' {d) 3-Bronioquinoline with 
n-butyllithium.'^* (e) Quinoline- 2 , 3 ,5, 6 -totracarboxylic acid refluxed in acetic 
acid.^' (/) Quinoline with butyllithium.'"* (^ 7 ) N-Benzoyltetrahydroquinoline 
and phosphorus pentachloride followed in turn by aqueous acid, nitrous acid, and 
alkali with zinc chloride. {h) 2,4-Dimethylquinoline ethiodide 2 -iodoquinoline 
ethiodide and triethylamine.'^®® (/) The K-oxide of 6 -methoxyquinoline (how pre¬ 
pared?) with phosphorus oxychloride and the product of this reaction treated with 
1-dicthy lamino-4-aminopent ane.'’ ®® 

3. What is the product obtained from each of the following reac'tions? (o) 
2,3,8-Trimethylquinoline refluxed with selenium dioxide in ethanol.^** ( 6 ) 2 -Alde- 
hydoquinoline with acetophenone and 10 per cent sodium hydroxide solution.'^* 

4 . The product of the action of metallic sodium on quinoline is 3,2'-diquinolyl. 
How would you prove the constitution of the product?"® 

6 . What is the carbinol that forms when quinaldine is heated at 140® (oil bath 
tepiperature) with either ethyl oxomalonate, ethyl benzoylglyoxylate, or diphenyl 
triketone? How would each of the intermediates be prepared?'^^ 

Cross and Henze, J. Am. Chem. Soc,, 61, 2730 (1939). 

'®* Bebthorn and Garbrn, Her., 33, 3439 (1900). 

'•* Bischler and Burkart, Her., 26, 1352 (1893). 

'®® PIkelby and Rogers, J. Am, Chem. Soc., 44 , 2655 (1922). 

'®® AnschOtz and Schmidt, Her., 36 , 3473 (1902); Heller and Grundmann, ibid., 
66 , 200 (1923). 

'®« Ktjlisch, Chem. Zeit., 27 , 279 (1903). 

'®’^ Kermack, Perkin, and Robinson, J. Chem. Hoc., 121, 1882 (1922). 

'«® Skraup, Monatsh.y 2 , 162 (1881). 

'®»v. Braun, Ber., 42 , 2219 (1909). 

Diels and Alder, Ann., 610 , 87 (1934). 

Decker and Kaupmann, J. prakt. Chem. [2], 84 , 442 (1911). 

'** Gilman and Spatz, J, Am, Chem. Soc,, 62, 446 (1940). 

Ziegler and Zeisbr, Ann., 486 , 174 (1931). 

'»®v. Braun, Her., 43 , 2837 (1910). 

Brookeb and Smith, J, Am* Chem, Soc., 69, 67 (1937); b. Magidbon ai d 
Bubstov, j. Om. Chem, (U.S.S.R.), 7, 1896 (1937); C.A., 32, 564 (1938). 

'T« Weidbl, MomteKf 2 , 491 (188b); Cabwn and Einhorn, Ber., 23 , 2895 (1890^. 

McsBitVAiN and Johnson, J, Am. Chm. Hoc,, 68, 2213 (1941), 
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6 . Ethyl acetoncdicarboxylate, which is obtained easily from citronenic acid, is 
allowed to stand with anthranilaldehyde in alcohol with a small amount of potassium 
hydroxide for 10 days. What is the product formed 

7. Ethyl anthranilate is condensed with ethyl malonate at 140 to 150® for 13 hr. 
in the presence of sodium alkoxide. The product is then heated with alcoholic 
ammonia for 10 hr. in an iron tube, and the new product is heated with phosphorus 
oxychloride for 24 hr. on a water bath to give a material with the composition 
(yioHiN 2 C"l 2 . What is the compound probably formed 

8. BenzoylacctonitTile is allowed to stand overnight in benzene with sodium 
sand, is treated with o-nitrobenzoyl chloride, and the product is then boiled with red 
phosphoriis and hydroiodic acid for 30 min. What product is formed?^®” 

9. A mixture of ethyl acetoacetate and o-toluidine is boiled together rapidly for 
about \}4, inin. The crystals are then isolated, dissolved in coTUiontrated sulfuric 
acid, and the solution heated on a water bath for 15 min. The product is then dis¬ 
tilled with zinc dust. What is the final product of these changes?’®^ 

10 . What is the product obtained in each step of the following sequence of reac¬ 
tions? (a) A mixture of acetophenone and paraldehyde is saturated with gaseous 
hydrochloric acid while being cooled with cold water and is then allowed to stand for 
2 days. ( 6 ) The above mixture is shaken with p-anisidine, nitrobenzene, and concen¬ 
trated hydrochloric acid and finally heated for 4 hr. on a water bath.'®* 

11 . What arc the products obtained from the following two sequences^*® of reac¬ 
tions, each of which starts with 5-aminoquinolinc (how prepared?) and’progresses by 
hi or 62 , respectively? (a) Sodium nitrite followed by potassium arsenite. (5i) 
The product from (a) treated with sodium hypophosphite and potassium iodide or 
( 62 ) the product from (a) treated with potassium iodide, sulfuric acid, and sulfur 
dioxide followed by treatment with hydrochloric acid. 

12. Suggest methods for the preparation of the following: (o) ^-( 2 -quinolyl)acrylic 
acid.*®^ ( 6 ) Quinolyl-4-pyruvic acid-and -4-acetic acid^®® from homologues of 
quinoline. 


13. 5,6-Dihydropyrindene H 
H2 



has been found as one of the com¬ 


pounds present in shale oil. Suggest a sequence of reactions for the preparation of 
this matdrial from a nonheterocyclic source such as cyclopentanone.^®® 

14. Describe a sequence of reactions for the preparation of 5-phenylbutylamine 
from a quinoline compound.^®^ 

16. Suggest a method for the preparation of each of the following quinoline 
compounds: (a) 2,4-Dimethyl-6-ethylquinoline.^®* ( 6 ) 5 -Benzyl- 8 -hydroxyquino- 


^’® Roller, Uuppbrsberg, and Strang, Monatsh.j 62 , 59 (1929). 

Roller, Her,, 60 , 1108 (1927); Roller, Ruffersbero, and Sirano, Monatsh., 
62 , 59 (1929). 

Gabriel and Gerhard, Ber., 64 , 1616 (1921). 

Ewins and King, /. Chem. Soc., 108 , 104 (1913). 

Koenigs and Jaegl^S, Rer., 28 , 1046 (1895). 

Binz and Rath, Ann., 463 , 238 (1927). 

^®*Einhorn, Ber.j 18 , 3465 (1885); Alberts and Bachman, /. Am. Chem. Soe,f 


67 , 1284 (1935). 

Borsche and BtlTscnu, Ann., 629 , 266 (1937). 
Thompson, J. Am. Chem. Soc.j 63 , 3160 (1931). 

18 W. Braun, Ber., 43 , 2837 (1910). 

^88 Glenn and Bailet, /. Am. Chem, Soc.y 63, 641 (1941). 
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(c) 2(2'-Phenylqumolyl-4')-quinoline-4-carboxylic acid.^^p 2,2'*Phenyl- 
4,4'-carboxy-6,6'-arsenoquinoline by a sequence of reactions that starts with isatin.^*® 
(p) 6-Carboxy-2-phenylquinolinc.^*® (f) a-(Tetrahydro-4-thiopyranyl)-7-(4'-quino- 
lyl)propane.^®^ (g) 6'-Methoxy-9-rubanol.^*' (h) 8-6-aminobutylamino-6-methoxy- 
quinoline(f) 4 (p-hydroxyphenyl)fquinoline.^®® (j) p(6'Methoxy-2'-methyl- 
4'-quinolylamino )-phenylarsinic acid, CH aO, (' 9H4N • (CH a) NH(> sHiAsO (OH) 2 . ^ 

16 . Benzotricliloridc and l-mcthyl-2'mcthylene-l,2-dihydroquinoline 

CH—C’H 
C 6 H 4 i 

lN(CHdC=CH2 

yield a product that forms metallic green crystals from alcohol, dissolves in alcohol 
with a blue-violet color, and has the analysis N =* 6.57 per cent, C *= 79.96 per cent, 
and H «= 5.83 per cent. What possibilities with respect to the structure of the prod¬ 
uct are present?'®® 

17 . What is the product obtained when quinaldiiK' methiodidc, ethyl orthoformatc, 
and dry pyridine are refluxed together for 3 hr.?'®® 

18 . Nitration of 2,3,8-trimethyl(juinolme yields a nitro compound which by 
standard reactions is converted to a methoxy compound. It is desired to prove that 
the methoxy group is in the 5-position. Show a sequence of reactions for the prepara¬ 
tion of this compound from such starting materials as toluene, acetaldehyde, and 
propionaldehyde. 

19 . The simpler carbohydrates, including pentoses, decompose when distilled 

with sodium bicarbonate. jQnc of the products is acetol, CH8C(0)CH20H. The 
product is identified by heating o-amino-benzaldehyde with a few cubic centimeters 
of potassium hydroxide solution and noting the intense bluish-green fluorescence 
that results in sodium bicarbonate solution. What is the product that is formed in 
the test?'®^ ' 

20 . What experimental conditions must be employed in order to obtain either 
8-chloro-4-hydroxyquinaldine or 8-chloro-2-hydroxylepidine from reagents that are the 
same in each case?'®® 

21 . jS-Collidine (4-methyl-3-ethylpyridine) is treated with a sequence of reagents 
(CC^laCHO + ZnCli; NaOEt, Ha -f- PtOz, EtOH -f HCl, CeHsOOCl) to give 
C 17 H 28 O 8 N. This compound in turn yields C 20 H 26 N 2 O 2 when treated with another 
se(jucnce of reagents (ethyl 6-methoxyquinate, CisHuOa, and NaOEt; aqueous 
alkali followed by acid, heat, NaOBr, NaOEt, H 2 -f- Pd). What is the structure of the 
product finally obtained?'®® 

'*® McMaster and Bruner, ibid., 67 , 1697 (1935). 

'®® Calvert, Noller, and Adams, J, Am, Chem. Sac,, 47 , 3058 (1925). 

'®' Prelog, Seiwerth, Heimbach-Jahasz, and Stern, Brr., 74 , 647 (1941). 

'®® Robinson and Tomlinson, J, Chem, Soc,, 1524 (1934). 

'®^ Besthorn and Jaegl:4, Ber., 27 , 907 (1894). 

'®< Slater, J. Chem, Soc., 1209 (1930). 

'®® Fischer and Rosenhauer, Z. angew. Chem., 86 , 330 (1923). 

'®* Hamer, J. Chem. Soc., 2796 (1927). 

Baudisch and Dbubi^ J. Am. Chem. Soc., 44 , 1585 (1922). 

'®* Kraitlbr and Burger, ibid.f 64 , 2417 (1942). 

'®® Rare, Huntbnberg, Schultzb, and Volger, Ber., 64 , 2487 (1931). 



CHAPTER XI 


ISOQUINOLINES 

Isoquinoline is found with quinoline in coal tar,^ and the isociuinolino 
system is widely distributed in nature among the alkaloids. In the 
laboratory, these heterocyclic compounds are made by methods that 
are quite different from those used for the preparation of quinoline 
because of the difference in the position of nitrogen. The chemical 
reactions are, however, very similar, since both are benz-substituted 
pyridines. 

Methods of Preparation, —Four types of intermediates are used in the 
synthesis. By far the most common is a jS-aminoalkylbenzene which (a) 
by means of its acyl or aroyl derivative, (b) by use of an aldehyde, or (c) 
by employment of an arjdethylglycine derivative can be caused to con¬ 
dense to an isoquinoline. The reaction with the acyl or aroyl derivative 
is known as the Bischler and Napieralski^ reaction^ since much improved 
by the work of Pictet® and of Decker.'* It leads to a dihydro product, 
which is readily oxidized by mild reagents to an isoquinoline. 



« PjO*, PC1», POCU, AIClj, ZriCla, or FeClj in boiling bon acne or toluene. 


If the acyl derivative of a secondary amine is used, an ammonium salt 
must participate in formation of the ring, and the product becomes a 
quaternary salt. If there is an active hydrogen atom on the carbon 
next, to the carbonyl group, ring closure may involve formation of the 
double bond outside the ring. Both modifications are shown below in 
A and JS, respectively, by partial formulas that indicate the pertinent 
changes in the reagent and product. 

^ Hoooewerff and van Dorp, Rec, trav, chim.y 4 , 125 (1885). 

* Bihculer and Napieralski, Ber.j 26 , 1903 (1893) ; c/, Manshe, Chem. Rev., 80, 
145 (1942). 

®PxcTBT and Kay, Ber., 42 , 1973 (1909); Pictet and Finkelstkin, ibid., 1979; 
Pictet and Gams, ibid., 48 , 2384 (1910)., 

* Decker and Kropp, ibid., 42 , 2075 (1909) ; Decker, Kropp, Hoyer, and Becker, 
Ann., 895 , 299 (1913). 
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A 



A 


B 



iS-Aminoalkylbenzcne® condenses also with aldehydes and forms 
tetrahydro products which likewise are oxidized readily to an isoquinoline 
derivative. This method has considerable value as a possible biological 
synthesis,® since the reaction takes place at ordinary temperatures and 
is sensitive to the pH of the medium. Ae^etaldehyde, for example, con¬ 
denses in good yield with 3,4-dihydroxyphenyl ethyl amine at pH = 5, 
when the mixture is allowed to stand at 25® for 72 hr. A third way^ in 
which /3-aminoalkylbenzenes can be used shows the great tendency of the 
isoquinoline nucleus to form even when a seven-membtred ring might 
be expected. These last two modifications are likewise shown, respec¬ 
tively, by partial formulas below in which the essential changes only in 
reagent and product are indicated. 



« Allowed to Btaml in a solution at a definite pH value. * PCU to form the aeid chloride, AlCla to 
effect ring closure with simultaneous loss of HCl and CO*. X «= CeHjSOg. 


Methods for the preparation of the all-important jS-aminoalkyl- 
l>enzenes are listed in Table I. The majority of the processes are con¬ 
ventional. The reduction of an oxime, as in examples 1 and 2, is very 
common. The formation of an isonitroso compound from a ketone 
(example 3) has been met before in the synthesis of pyrroles. The reduc¬ 
tion of nitriles (example 4) is one of the most frequently used methods for 
preparing amines. The preparation of nitrosites as in example 5 is 
interesting because of the considerable study on the question of the 
structure of these compounds which have both a nitroso group, capable 
of isomerizing readily to an oxime, RC-CHCHjj, and a nitro group. 

loH IfOs 

When the propanol amine product of this sequence is converted iso¬ 
quinoline, water is simultaneously eliminated, so that a double bond 

* Pictet and Spenoler, Bet., 40 , 2030 (1911). 

«ScHOPF and Bayeble, Ann., 518 , 190 (1934). 

V. Bbaun and Wirzi, Ber., 60, 102 (1927). 



ISOQUINOLINES 


303 


at the 3,4-position is formed. The azide used in example 6 is made from 
the acid chloride and sodium azide or from the ester and hydrazine fol¬ 
lowed by nitrous acid. 

When the amine is prepared by a Beckmann rearrangement as under 
B in Table I, the process may proceed Avithout interruption to an iso¬ 
quinoline derivative, particularly if a ketoxime is employed. This result 
is caused, of course, by tlie fact that the products of the rearrangement 
are an amine and an acid chloride, which unite to form an amide, which 
in turn undergoes the conventional Bischler and Napieralski synthesis. 

Under C arc listed a number of preparations in which the nitrogen 
atom is substituted with the group necessary for ring closure. For 
example, the hippuric acid in example 11 already has the benzoyl sub¬ 
stituent attached to nitrogen. The necessary chain length is acquired 
by condensation of the acid with an aldehyde. Decomposition of the 
azide as in example 12 leads to an isocyanate which requires only the 
addition of hydrogen chloride to be a formamide, which is suitable for 
ling closure to an isoquinoline. 

Tablk I.—Methods for the Preparation of /3-arylethylamines, Their Acetyl 

OR Aroyl Derivative or Related Compounds, in Order to Use Them for 
THE Synthesis of Isoquinoline Compounds 
R « an aryl nucleus 

A. By reduction primarily. 

1. RCH 2 CHO 4 RCH2CH=N0H ^ RCH 2 CH 2 NH 2 

« II 2 NOH. <• Nallg*. 

2. RCHO 4 RCH=CHN02 4 RCH 2 CH==NOH 4 RCH 2 CH 2 NH 2 

« CH 3 NO 2 , + ale. KOH. » AlHg or Zn dust + HOAo. NaHg + HOAc.« 

3. RC(0)CH3 4 RC(0)CH=N0H 4 RCCOCHjNHa 

« HNOj. NaHg + HOAc.» 

4 . RCH2CN 4 RCH2CH2NH2 

« Zn + HCl, Na -f aba. ale., or H 2 + Raney Ni.*® 

5. RCH=CHCH8 4 RCH(N0)CH(N02)CH8 4 RCH(OH)CH(CH,)NHal 

» NaNOj + HsS04. * AC 2 O 4- HaP04 to form the acetoxy nitro compound, electrolytic H 2 in 
acid solution. 

6. RCH2CH2C(0)N8 4 RCH 2 CH 2 NH 2 

« The aside is treated with Br 2 in dry CHCla or is boiled in ale. The product is then treated with 
hot cone. HCI.i* 

B. By Hofmann reaction or Beckmann rearrangements with successive stages that 
sometimes lead to an isoquinolinc compound without isolation of the amine. 

7. RCH2CH2C(0)NH2 4RCHaCHaNHa 


« KOBr or NaOCl.w 
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Table I.—Method.^ fob the PrepaIiation op jS-ARYLETHYLAMiNEs, Their Acetyl 
OR Aroyl Derivative or Related Compounds, in Order to Use Them for 
THE Synthesis op Isoquinoline Compounds. — (Continued) 


8 . ROH 2 CH 2 CHO RCH 2 CH 2 NH 2 


« H 2 NOH, POCh, H 2 O -f alk.i* 

^ 9. RCH=CHC(0)CH8 ^ RCH=CHC(CH3)==N0H Aan isoquiuoline 


-H2NOH. fcPOCla.« 


10. RCHO RCH==CHC(0)CHa an isoquinoline 

« CH3C(0)CHs. * H* + PtOa, H 2 NOH. POCl«.« 

C. By preparation of an acetyl or aroyl amine or of an isocyanate, followed by 
ring closure. 


11. RCHO 


RCH==C 


N=CC6H6 

1-C(0)0 


R('HsCH.NHC(0)Cais 


• Hippuric acid. ^ Esterification and catalytic reiluctiun of the azlactonc.^? 


12 . RC^HaCH^COaEt A RCH 2 CH 2 C( 0 )N, -^an isoquinoline 


« H 2 NNH 2 , HNOi. * Decomposition in boiling toluene, loaotiun of the isocyanate with POCJ# 
al 110® for 2 hr.« 


13. RC(0)CH3 RC(0)CH2NH2 “♦ an isoquinoline 

« HNO 2 , cat, Hj. R^CH2C0C1, NaHg in abs. ale. at 60 to 70® causes reduction to a secondary 
alcohol, PiOfi.* 

» Rosbnmund, ibid., 4S, 4778 (1909). 

• B 1 SCHL.XU and Napibbalski, Ber., S6, 1903 (1893). 

wBernthskn, Ann., 184, 304 (1876); Ladenberq, Ber., 19, 782 (1886); Johnson and Gvbst, 
Am. Chem. 42, 340 (1920); Decker and Becker, Ber., 46, 240,’5 (1912) ; Mailne, Bull. »oc. chim. 
[4], 22, 232 (1918); Robinson Jr. and Snyder. Org. Syntheses, 28, 71 (1943). 

Bruckner and KrAmli, J. jrraht. Chem., 146, 291 (1936). 

** CuRTius and Jordan, ibid., (2], 64, 297 (1901); Cubtius and Bobtzelbn, ibid., 314. 

13 Wbbrman and Jongkebb, trav. chim., 26, 242 (1906); see also ref. 3. 

»<v. Braun and Kbxtbbr, Ber., 46, 384 (1912). 

^Zbunskt, ibid., 20, 922 (1887); Burstin, Monatsh., 84, 1443 (1913). 

»• SuGABAWA and Yoshikawa, J. Chem. 80 c., 1683 (1933); see also Ref. 3. 

” Eblbnmhybr, Ann., 887, 266 (1904); Hartman and Kaqi, U.S. patent 1,437,802 (1922); C.A., 17, 
864 (1923). 

Mohunta and Eat, J, Chem, Soc., 1263 (1934). 

second class of compounds, besides the S-phenylethylamines, 
which can be used as major starting materials for synthesis of isoquino¬ 
line compounds, consists of aromatic aldehydes. These reagents con¬ 
dense readily with aminoacetals, and the products, such as C«HsCH= 
NCHsCHfOEt),, readily undergo ring closure with strong sulfuric acid 
or dehydrating agents to form isoquinolines. 



CH=NCH,CH(OEt), 



Ring closure apparently will not occur unless the reagent has a system of 

“PoMiSBANZ, MoruOih., 14, 116 (1893); 1®, 300 (1894); 18, 1 (1897). 
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conjugated double bonds, C6H6C=NCH====<3HOR, or is capable of 
forming such a system during the reaction. 

The third general type of intermediate includes the o-substituted 
benzoic acids or related compounds such as nitriles. These intermediates 
are readily convertible to amides which can then undergo condensation 
with certain o-substituents. The reactions listed in Table II shoiV how 
appropriate groups have been obtained for preparations by this general 
method. 


Table II. —Synthesis from Diorthostibstituted Intermediates That Will 
Readily Undergo CoNDEiiSATioN to Isoquinoline Compounds 


R CHO fN CH-=CN=CCfiH6 
CO2R IN CO2R 



Ref. 

21 


® Hippuric acid with acetic anhydride. Hydrolysis of the azlactone and the ester, decarboxylation. 
POCU. HI + red P at 150-170®. 



« NHs. ** POCla, HI, or Zn dust. This synthesis, in which III is used, was employed foi the first 
propai alien of isoquinohne. 

H, 

23 


3. 




« H 2 SO 4 . POCla. 


R CH=CHG(0)NH2 
CN 


R (^H=CHNH(’02Et 
CN 



24 


« NaOCl in CHaOH. * HCl. 



« (RCO)sO, for example acetic anhydride. ^ Alkali hydrolyses the acetyl group and aimultaneonsly 
hydrolyses the aromatic nitrile group to an amide that undergoes ring closure, 

JoStacb, Helv, Chim, Acta, ft, 888 (1922). 



306 


THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS 


Table II.—Synthesis from Diorthosubstituted Intermediates That Will 
Readily Undergo Condensation to Isoquinoline Compounds.— {Continued) 



« NaOEt at 100®. 


«Bain, Purkin, and Robinson, J . Chem. Soc., 105, 2392 (1914); Gabriel and Colman, Rcr., SS» 
980 (1900). 

21 Gabriel, ibid,, 19, 1653, 2354 (1886); Leblanc, tbtd., 81, 2209 (1888). 

2* Gabriel, xbid., 80, 2499 (1887). 

2< Gabriel, ibid., 49, 1608 (1916). 

Gabriel, ibtd., 18, 1251, 2433, 3470 (1885); 19, 830, 1653 (1886). 

••Gabriel and Neumann, ibid., 85, 3563 (1892); Gabriel and Posner, %bid., 87, 827 (1894); 
Dambbow, ibid., 87, 2232 (1894). 

” Gabriel, ibid., 18, 2433 (1885); Heilman, ibid., 88, 3157 (1890) Fribtsch, ibid 88, 419 (1893). 

•• Gottlieb, ibid., 88, 958 (1899); Lieck, ibid., 88, 3853 (1905); WOlblinq, ibid., 88, 3845 (1906), 

•• Gabriel and Colman, ibid., 88, 980, 2630 (1900); 85, 2421 (1902). 

Finally, isoquinoline compounds can be prepared from cyclohexa¬ 
nones®® by methods somewhat analogous to those used in the pyridine 
series. For example, ethyl cyclohexanone-o-carboxylate condenses with 
a cyanoacetamide; or an amine, derived from the reduction product of 
ethyl cyclohexanone-G-carboxylate, condenses with ethyl cyanoacetate; 




^ Na in bensene. 

Reactions of Isoquinoline Compounds.—The reactions of isoquinoline 
are in general so similar to those of quinoline that only a few comments 
need be made. The problem*^ of the static bond (see page 391) in 

><>Basu, J. Indian Chem., 8, 319 (1981); Baso and BANKBraa, Ann., 816, 243 
(1936). 

** Mitns and Smith, /. Chem. Soc., 181, 2724 (1922). 
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cyclic conjugated systems is of special interest because methyl groups 
can be placed on either side of the ring nitrogen atom as in 1-methyl- 
and 3-methyl-isoquinoline below. If the double bond is fixed, 1-methyl-, 
but not 3-methyl-isoquinoline, will condense with (a) dimethylamino- 






benzaldehyde, when heated with an alcoholic solution of piperidine, or 
(6) benzaldehyde with zinc chloride at 100°. If the double bond oscil¬ 
lates, both methyl groups will condense. In practice, only one benzyli- 
dene derivative, that from the 1-methyl-compound, is produced from 
each aldehyde. Presence of a benz substituent has apparently produced 
fixation of the bond or has so affected the resonance that only one of the 
methyl groups reacts. 

The method by which the ring is opened when the completely methyl¬ 
ated ammonium salt is degraded—the exhaustive methylation process— 
has received considerable attention in this series because it is used so 
often in the determination of the structure of alkaloids. The process 
consists essentially of methylation of the nitrogen atom as far as possible 
and then cleavage of a carbon-nitrogen link of the methylated ammonium 
compound. This last step may be accomplished by heat or reduction 
according to the general reactions shown by noncyclic compounds. 


RCH=CH 2 + 
N(CH,)3 4- H 2 O 


RCH2CH2N+(CH3)3 


RCHaCHB-f 
N(CH8)3 4 HX 


<* AgsO, ROH, NaOH, followod by heat. ^ NaHg, cat. Hz or elec. Hz. 


This decomposition t)f substituted ammonium hydroxides was discovered 
by Hofmann^2 ^3^5 been studied extensively because of its theoretical 
interest,^* its use in the synthesis of olefins, and its application to the 
degradation of heterocyclic compounds that contain nitrogen. The 
noncyclic as well as cyclic systems'have been subjected to this treatment. 
In general, if a completely alkylated ammonium salt is heated, a jS-hydro- 
gen on an alkyl group is eliminated with formation of an olefin, a tertiary 
amine, and water. The olefin will come principally from the ethyl 
radical (Hofmann^s rule) if one is present (see Table III, equation 1). 
Elimination will be facilitated by the presence of a jS-phenyl group (equa¬ 
tion 2) and even more so by a nitrophenyl group. Tl»t is to say, a 
group that facilitates the ionization of carboxylic acid will likewise 

« Hofmajstn, Ber., 14, 669 (IS 8 I); Ann,, T8, 253 (1861); 70, 12 (1851). 

*» and Iiqgold, J, Chem, Boc., 997 (1927). 
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facilitate the extrusion of the hydrogen in this reaction. In the absence 
of an ethyl group, the shortest and leakt branched (at the beta position) 
alkyl radical is most apt to be separated as the olefin (equation 3). If 
branching at the beta-position is extensive, particularly if the branches 
are long alkyl chains (equation 4), the ease of elimination of the ^-hydro¬ 
gen atom is reduced and the process may produce methyl alcohol instead. 
An alkyl substituent at the alpha position, however, as in equation 5, has 
little effect. If no hydrogen atom is available in the beta position, the 
ammonium compound will probably split into a tertiary amine and an 
alcohol (equations 6 and 7). 

The temperature at which decomposition occurs depends on the ease 
with which the ^S-hydrogen atom is eliminated. This reaction may 
require relatively high temperatures (140 to 160°), may occur in boiling 
water, or, as in the ease of a / 3 -nitrophenylethyl methylated amine, may 
take place at a temperature so low that the ammonium salt is not isolated 
as an intermediate step. 

The quaternary hydroxide is not the only type of ammonium com¬ 
pound that can decompose. The phenoxide yields 65 per cent anisole 
on decomposition (equation 8 ). This last form of splitting is favored as 
the strength of the anion increases. In fact, the elimination of methyl 
chloride from the chloride salt by heating at reduced pressure is one of 
the favorite methods for the obtention of the free base from ammonium 
compounds of high molecular weight. The manner in which the ammo¬ 
nium compounds decompose, therefore, is related in a general way to the 
strength of the anion and to the availability of the /9-hydrogen atom. 
This last factor is, in turn, nicely interpreted by Ingold^^ and coworkers 
in terms of electron affinities and a hydrogen atom that is in a state, of 
incipient ionization. Instances are not unknown, of course, where 
elimination of a- or 7 -hydrogen atoms®^ occurs, but the /9-hydrogen is 
usually the one removed. 


Table III. —General Methods for Decomposition op Completely METtiYLATED 

Ammonium Compounds 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 


C2H6N+(CH,)2C,Hr 
CeHBCHaCHaN+CCH,)* 


n-C4H,N 

(n-C,H 7 ) 8 CHCHjN+{CH,), 

CH,CH(C,H5)N+(CH,), 

C,H.CH,N+(CH,), 

0,H,N+(CH,), 

C,HrN+(CH,), 


-OH CH7=CH, + C,HrN(CH.)2 +H 2 O 
-OH Cai.CH=CH» + N(CH,). + HsO 

-OH C,H,CH=CH, + + H,0 

-OH — C,H„N(CH,), + CH,Oh’ 

-OH -+ CH,=CHC,H6 + N(CH,), + H,0 
-OH -+ C,H,CH,OH 4- N(CH,), 

-OH — C,HJ<f(OH,)j + CH,OH 
-OCJI, -► C,H7 N(CH,)j + CH,OC,H, 


As applied fo the problem of ring opening of a heterocyclic compound, 
it is obvious that piperidine, tetrajiydroquinoline, and tetrahydroiso- 
quinoline are but modifications of the general principles already discussed. 
iNqoLD and Eooerb, i&id., 722 (1935). 



ISOQUINOLINES 


309 



The piperidinium base has no labilizing group to activate the /S-hydrogen 
atom. Hence it is the most difficiilt of the three to cleave. The tetra - 
hydro quinoline salt is the next most difficult base to break, and the 
cleavage will, of course, occur between the 1- and 2-positions to give 
o-(CH3 )2NC6H9C8H73^ when sodium amalgam is used. The tetrahydro- 
isoquinoline compound, on the other hand, has a phenyl group on the same 
carbon atom that loses the hydrogen. Hence it decomposes the most 
readily of all. The removal of nitrogen from this last compound is 
accomplished by a second treatment. 



« NaHg. ft CHsI, AgCl, NaHg. 

Occasionally, the elimination takes an unexpected course as in the 
case of narco tine methiodide.^® The effect in this instance, however, 
merely means that the hydrogen atom, attached to the carbon in the 
lactone system, is more active than that which has only the influence of 
the substituted aromatic nucleus. In other words, there are two /3-hydro- 
gens that can be eliminated, and the more reactive one is in another ring. 



Large R • 6,7-CH«02-8-0CH»C«H, 

Reductive scission can be applied directly to the salts, in which case 
the hydroxide may be a possible intermediate, though the bonds broken 
are not always those cleaved thermally. Emde*^ heated a saturated 
aqueous solution of the ammonium salt with sodium amalgam. He 

Emde, Ann., 891, 88 (1912). 

Stevens, Creighton, Gordon, and MacNicol, J. Chem. Soc., 3193 (1928). 

Emdb, Helv. Chim. Ada, 15, 1330 (1932); c/. Ref. 35. 
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also split®® the salt by hydrogen over palladium-barium sulfate or platinic 
oxide in aqueous or acetic acid solution in the presence of sodium acetate. 
Electrolytic reduction®® at a lead cathode is also an effective method. 
An application to a tetrahydroisoquinoline system in which the iodide 
salt is reduced over platinic oxide is shown below. 



" Ha over PtOi in HaO. 

Reagents do not, of course, react with equal ease, nor does a single 
reagent give the same result under all conditions. The above tetra¬ 
hydroisoquinoline compound, for example, is not cleaved®® in acetic acid 
solution by hydrogen over palladium-barium sulfate or platinic oxide. 
It is, however, attacked by 5 per cent sodium amalgam when the con¬ 
centrated aqueous solution of its chloride or iodide salt is heated on a 
water bath. By contrast, the corresponding quinolinium chloride, but 
not the iodide, is attacked under the same conditions. The e-propyl- 
dimethylaniline, C3H7C6H4N((TT8)2, that forms can, in turn, be con¬ 
verted to the trimethylanilinium chloride and cleaved electrolytically 


Table IV 


Ammonium salt 

Treated with hydrogen over 

Pt 02 in 

Pd-BaS04 in 

Water 

Acetic acid 

Water 

Acetic acid 


Iodide 

cleaved 

Iodide not 
cleaved 


Iodide not 
cleaved 


05 :: 

(CH3)2X 

Either the 
chloride 
or iodide 
cleaved 

(chloride and 
iodide 
resistant 

Iodide not 
cleaved 

1 

Iodide not 
cleaved 

H, 

Neither 
the iodide 
nor chlo¬ 
ride 
cleaved 





Emde and Kull, Arch. Pharm.^ 274, 173 (193d)« 
»*Emmebt, Bet., 42, 1507, 1997 (1909); 45, 430 (1912). 
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to trimethylamine and propylbenzene. Table IV shows the approximate 
decreasing order of strength of reagent from left to right and the increas¬ 
ing resistivity of the ammonium* salt from top to bottom. The chloride 
salt is cleaved more readily than the iodide. The data are from the 
work of Emde and Kull. 

SPECIAL COMPOUNDS 

Isoquinoline melts at 23° and boils at 243°. Its preparation can be 
effected by the processes shown in Table I. 

Isocarbostyril (a-hydroxyisoquinoline) is prepared from isocoumarin 
and alcoholic ammonia at 120 to 130° (equation 5, Table II). The 
product melts at 208° and exhibits in general the tautomeric behavior 
shown by carbostyril.^^ 

1,4-Dihydroxyisoquinoline, prepared from phthalimide by the method 
already suggested (Table II, equation 9) is of some interest because it 
has the same grouping, —C(())CH 2 NH—, that is present in indoxyl. 
Hence it condenses with bonzaldehyde or isatin and undergoes spon¬ 
taneous oxidation in alkaline solution wdth hydrogen peroxide to a dye¬ 
stuff known as carbindigo.^^ 


0 ' O 



The isoquinoline carboxylic acids are useful for identification and 
location of substituents (see Table V). 

Table V 


Position of M.P., 

Carboxyl Group ®C. 

1 “ 161 

3 272 

4 264-266 

6 280-282 

6 355-360^ 

7 295-297 

8 292-294^ 


a Common name is isoquinaldinio acid. * Melts with gradual darkening. 

They are prepared by conventional methods. For example, isoquin- 
aldinic acid^^ is obtained from a suspension of isoquinoline in an aqueous 

Hartley and Dobie, J, Chem. Soc,j 7((, 640 (1899); FriediJlnbeb and MOller, 
Bcr., 40, 2009 (1887). 

Gabriel and Colman, Md., 83, 996 (1900); 35, 2426 (1902); 38, 579 (1903). 
^‘ReisssrT; ibid,, 38, 3415 (1905); Kaxjfmann and DXnbliker, ibid., 46, 2929 
(1913). 
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10 per cent potassium cyanide solution, which is treated with benzoyl 
chloride, followed by hydrolysis of the l-cyano-2-benzoyH ,2-dihydro- 
isoquinoline product with 36 per cent hydrochloric acid in order to split 
the compound to benzaldehyde and isoquinaldinic acid. The process is 
similar in principle to the decomposition of acyl 1,2-dihydroquinaldoni- 
triles mentioned in the preceding chapter as a method for the preparation 
of aldehydes. The 4-carboxylic acid is obtained as the product of a 
sequence of reactions in which the hydrobromide of isoquinoline dibromide 
is heated in an oil bath to 180 to 200°, the monobromo product is treated 
with cuprous cyanide,^* and the resulting nitrile is then hydrolyzed with 
concentrated hydrochloric acid in a sealed tube at 150°.^^ The 5-,6-,7-, 
and 8-carboxylic acids are prepared by condensation of an appropriate 
bromobenzaldehyde with aminoacetal, followed by dehydration of the 
aminoacetal product with a mixture of sulfuric acid and phosphorus 
pentoxide and other conventional changes. 

ISOQUINOLINE ALKALOIDS 

The study of isoquinolines is closely related to the chemistry of the 
isoquinoline alkaloids. These compounds have been examined exten¬ 
sively, so that by now the biogenic origin appears reasonably well under¬ 
stood, the methods for degradation and synthesis are fairly standard, and 
the classification of various tyi)es (division into five groups will be 
employed in the text) is very complete. Particularly are these conditions 
true with the simpler members of the series. 

These alkaloids are believed to be derived^® from the amino acids of 
the tryptophan type which would be derived from the breakdown of 
proteins. Such acids undergo degradation: (a) by loss of carbon dioxide 
and (6) by loss of ammonia and carbon monoxide to give the necessary 
reactive units. The degradation products then combine. 



The resulting benzylisoquinoline can then undergo further condensa¬ 
tions through the phenolic groups or other reactive center in order to pro- 

« Emnger and Bossung, /. •praU, Chem., 4$, 192 (1891), 

« Tyson, J. Am. Chem. Soc., 61, 183 (1939). 

WiNTBRSTBiN and Tribb, ^‘Die Alkidoids Bomtr%er,” Berlin, 1910; Bobinson, 
/. Chem. iSfec., 1083 (1936). 
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duce more condensed compounds. The remaining hydroxyl groups are 
frequently methylated. 

The simplicity with which these biogenic syntheses occur is seen by 
the preparation of norsalsoline in 85 per cent yield at a pII-5 and at 25®. 
The acetaldehyde can come from decomposition of alanine, CH8CH(NH2)- 
CO2H, according to the above-mentioned plan. 



Fio. 1.—Types of alkaloids of the isoquinoline group. 

By similar changes, tryptophan itself should form the ring system 
of the harmaline alkaloids (page 
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CHjCHCOaH 

NH2 


o Loss of COa, biogonic condensation with acetaldehyde. 



The isoquinoline alkaloids can be classified into about five groups 
(see Fig. 1) depending on the complexity and degree of ring closure. 
Simplest of all are the substituted isoquinolines (4). In the opium group, 
this class is known as the papaverine type, and papaverine itself is 
represented in this illustration. When an appropriate substituent is 
present at the 2'-position so that ring closure can be effected with the 
nitrogen atom, the berberine type, represented by berberine (S), is 
produced. Ring closure with the other half of the isoquinoline nucleus 
yields the phenathripyridine type, represented by apomorphine (C). 
The morphine type, as represented by morphine (D), is a more compli¬ 
cated form that changes to apomorphine when heated with acid. The 
type shown in JS is a bisisoquinoline. 

The cactus alkaloids contain the simplest type only, together with 
some nonheterocyclic compounds. The opium alkaloids contain repre¬ 
sentatives of the first four types. The curare alkaloids contain the 
last type. 

Cactus Alkaloids. —This series, isolated from the Anhalonium species, 
contains a number of compounds, some of which are in the state just 
prior to formation of the isoquinoline nucleus. The formulas of a few 
of these are shown in Fig. 2. 



PeUotine Anhaloixidiae 

Fig. 2.—Some alkaloids of the cactus group. 


The position of the hydroxy group in pellotine (and in anhalonidine 
also) is ^ovtrn by a comparison of the oxidation product of the ethoxy 
derivative with that from the known rufigallio add.** 

a&d PASS!., 08. 1778 (im); t^. SfXtb, 4S, 97 (1921); 

SpXth and RoiOiB. iMd.. 40, 98 (1922); BrXTH, tm. 40, 477 (1920). 
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® CHaQHNa, KMnOa. * CH2N2 methylates the two hydroxy groups at Ca and Ca, CH^CJHNs then 
ethylates the hydroxy group at Cj\ which has a slower alklylation rate than the others because it is 
adjacent to the carbonyl group. KMn 04 eliminates one ring. 


The synthesis of mescaline is, of course, a conventional preparation of a 
/3-phenylethylaminc; that of pellotine^^ is accomplished by the steps 
outlined below. The benzyl group is frequontl^^ used in these syntheses 
because later it can be preferentially removed by hydrolysis. 


.H2 


Ha 

» C( 0 )CH 3 CHsO 
30H2C6H5 HOHa 

« H2NCHtCH(OEt)2, 73 per cent H2SO4 (the benxyl group is removed), CH3I, reduction. 



The Opium Alkaloids.—The physiological activity of the opium 
(Greek word for ''poppy head^') alkaloids'** has created a great interest 
in the chemistry of these compounds. Studies have progressed in two 
general directions: (a) to discover the structure of these compounds by 
degradative and preparative methods, and (6), to prepare, if possible, 
compounds related to them which would have their valuable physiological 
characteristics without their dangerous habit-forming properties. 

The first and simplest of these alkaloids is illustrated by papaverine^^ 
(see Fig. 1). It is named from the plant Papaver somniferum L., where 
it is found in all parts except the root. It was discovered as a crystalline 
compound in the mother liquor obtained by extraction of morpliine. 
Its synthesis follows the conventional steps already described for iso¬ 
quinoline compounds. A iS-(3,4-dimethoxyphenyl)-ethyl amine is 
prepared (see 3, Table I), the appropriate acyl derivative is formed with 
homoveratroyl chloride, and the ring is closed. 

CHaO CHaO 

CH2C6Ha(OCH8)2 

® 0HsC(0)Cl| HNOa, Sn + HCl. Homoveratroyl Chloride (CHiO)»C:«UaCH2C(0)Cl, reduction 
of carbonyl group to a secondary alcohol, PtOs to close the ring and form the dotible bond. The 

SpXth and Boschan, Monatsh,^ S8, 141 (1933). 

Shall, Chemistry of the Opium Alkaloids, Pub, NeuUh ReptSj SuppL 103 
(1932). 

PiCTBT and Gans, Ber,., 42 , 2943 (1909); Compi. rend.^ 142 , 210 (1909). 
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The second class of alkaloids is represented in the opium group by 
isocryptopine, which is derived from cryptopine (from the Greek word 
meaning cellaralkaloid present only to the extent of 0.003 per 
cent and not discovered until the mother liquors, left after separation of 
other alkaloids, had been stored below ground for some time.^® Crypto¬ 
pine is readily converted to isocr 5 nptopine chloride by way of enolization 
and salt formation as shown by partial formulas below. 



’ rocia, CH|C(0)C1, or HCl. 


The preparation of these two compounds (see Fig. 3) now appears 
relatively simple by a series of steps that furnishes many beautiful 
illustrations of well-known chemical processes in the isoquinoline series. 



Ha 

C 



Ha 

c; 



« 3,4>Methylenedioxyhomophthalic anhydride, CH*0»C«H2(C0)a0. 

* POCla. 

«Reduction of the olefin bond prior to exhaustive methylation, CHsI, AgCl, Hofmann degradation. 
^ Perbenzoic acid to form the N oxide, rearrangement of oxygen from nitrogen to carbon in CHaCOaH 
-f HCl. 

Fio, 3.—Steps for the synthesis ol cryptopine. 


homoveratroyl chlonde m prepared from vanillin by way of the following compounds: (CHaO)aCsH 3 
CHO, (CHiO)aC.HiCH(OH)CN, (HO)#CeH#CHaCOaH, (CHaO)»0«HiCH}CO»H. <CHaO)iC«HiCH»C 
(0)CI 
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Synthesis®^ of the 10-membered ring compounds begins with homovera- 
troylamine, itself prepared from vanillin by one of the general methods 
used for the synthesis of /S-phenylethyl amines. The first stage consists 
of the preparation of the berberine type compound and the second consists 
of ring opening and formation of the N-oxide which is convertible to 
cryptopine. 

Apomorphine, a phenanthripyridine compound, results when morphine 
is treated with 35 per cent hydrochloric acid at 140 to 150°, with hot 
phosphoric acid, or with zinc chloride solution. It is also obtained from 
codeine. Its structure is suggested by (a) formation of a dibenzoyl 
derivative, indicative of two hydroxyl groups; (6) exhaustive methylation 
which yields a dimethoxyvinylphenanthrene, which in turn is oxidized 
to 3,4-dimethoxyphenanthrene-8-carboxylic acid; (c) vigorous benzoyla- 
tion which yields a tribenzoyl derivative, which in turn is converted to a 
9,10phenanthraquinone by oxidation. 

Synthesis®^ of the dimethyl other, shown below, utilizes the reactivity 
of a methylene adjacent to a nitrile group for the first step. 



« Condensation under the influence of sodium in alcohol, hjdiolysis and decarboxylation by hot 
oonoentrated hydrochloric acid, reduction by tin and hydrochloiic acid, and treatment with nitrous 
acid in sulfuric acid. 


The remaining steps consist of hydrolysis of the nitrile group, elimination 
of carbon dioxide from the acid so produced, reduction of the nitro to an 
amino group, and closure to a phenathrene by a conventional process of 
diazotization (the Pschorr phenathrene ring closure). 

Apomorphine hydrochloride is used®^ as an emetic. 

The structure of morphine can be inferred only from its degradation 
products. The suggestion (Fig. 4) of Gulland and Robinson®® is in 
agreement with the facts fo far found. 

Haworth and Perkin, J, Chem, Soc,, 1769 (1926); r/. Haworth, Perkin, and 
Pink, ibid,, 127, 17D9 (1925). 

Avenarius and Pschorr, Her., 62, 321 (1929). 

Goodman and Gilman, '^Pharmacological Basis of Therapeutics,^'' The Mac- 
nulian Gompany, New York, 1941. 

Gulland and Robinson, /. Chem, iSoc., 128, 980 (1928); Mem. Proc. Man¬ 
chester Lit, dt PhiL Soc.f 69, 79 (1925). 
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Hydrogenated readily to 
dihydromorphine 


Alcoholic hvdroxyl group 
acetylated readily; ether- 
ifies with difficulty; sub¬ 
stituted by halogen from 
phosphorus halides 


Indifferent oxygen con¬ 
verted to phenolic oxy¬ 
gen by reductive scission 


Phenolic hydroxyl respon¬ 
sible for solubility in 
alkali and for color reac¬ 
tion with ferric chloride 


The methiodide heated 
with acetic anhydride 
gives 3,4-dihydroxy- 
phenanthrene (morphol) 


The methyl ether with 
molten potassium hy¬ 
droxide yields 3,4,5-tri- 
hydroxyphenanthrene 



T 


Bond to indented position 
easily broken because of 
tendency of System to 
form an aromatic nu¬ 
cleus with extrusion of 
the chain —CH 2 CH 2 — 
N(CH3)— 

Tertiary nitrogen which 
is part of a ring system. 
Shown by exhaustive 
methylatioii 

■An N-methyl group sepa¬ 
rated by cyanogen bro¬ 
mide or chloride 


C2H5 

—N system shown by 

CHs 

heating with alcoholic 
potassium hydroxide at 
180® (yields melhylethyl- 
amine). Potassium hy¬ 
droxide yields methyla- 
mine 

Dry distillation over zinc 
(lust yields phonanthrene 
with ammonia, tri- 
methylamine, and other 
bases 


Fig. 4.—Probable structure of morphine and some facts that support it. 


Codeinej named from the Greek word for ^'poppy seed/^ is the phenolic 
0-methyl ether of morphine. It is more stable to oxidizing agents than 
is morphine. 

H* 

Thehaine is the dimethyl ether of morphine 
less two hydrogen atoms but with an extra double N CH* 

bond. The name is derived from the Egyptian Y 
city of Thebes where a certain type of opipm was 
once produced. ll T 

Heroinj also known as diamorphine 'or'acetomorphine, is the diacetyl 
derivative of morphine. It is prepared by theflketion of acetic anhydride 
or of acetyl chloride on morphine. 

In addition to the physiological applications, opium can be used as an 
agent for detecting formaldehyde.®^ The phenolic group of the alkaloid 
combines ^vith the aldehyde under the influence of strong sulfuric acid. 
A purple red to purple color is formed. In the presencean oxidizing 
agent, the test is sensitive to 1 part in a million. 

Fulton, /nd. Eng , Chem.f Anal , Ed ,, 8, 200 (1031). 
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One of the major problems in chemistry is to find a derivative of, or 
substitute for, morphine that will have the good properties without the 
harmful characteristics of morphine.®® In the course of such work, many 
derivatives of diphenylene oxide and of phenanthrene have been pre¬ 
pared and tested. 

Berberine and Related Compounds. —This alkaloid is very widely 
distributed. It is only moderately toxic. Its chief use in medicine has 
been to impart a bitter taste barberry bark), although in recent 
years it has been applied to the treatment of Oriental sore. 

The structure of berberine (C 20 H 19 O 6 N) is inferred®® from the follow¬ 
ing essential facts: (a) Two methoxy groups are present. (&) Hydriodic 
acid demethylates it to berberoline, Ci 8 nis 04 N. (c) Warm alkaline 
permanganate oxidizes it to berberilic acid, C 2 oni 909 N, a dibasic acid, 
which in turn is hydrolyzed by hot sulfuric acid to o-(jg-aminoethyl)- 
piperonylic acid (^) and hemipinic acid (B), 




Berberine is believed to exist in an ammonium form (partial formula) 
and a carbinol form. The ammonium form exists in solution w^hen the 
calculated quantity of barium hydroxide is added to an aqueous solution 
of the sulfate. It is responsible for ring scission®^ with caustic alkali by 
which an aldehyde, convertible to an oxime, is produced as sho^vn by 
the partial formulas below. 


N+OH N 
/ / \.OH 


CH 

t 

Onium 


Carbinol 


N+OH NH 

/ \ / +0 

C'H CH 


Alkali cleavage 


Curare Alkaloids. —These compounds occur in the plant extracts®^ 
used by the Indians in tj[ie Orinoco and Amazon Valley region to poison 
arrows.®® The material as prepared by the natives is known as tubo- 


** Van db Kamp and Mosettig, J. Am, Chem, Soc.^ 57, 1107 (1935). 

Perkin, J. Chem, Soc,, 55, 63 (1889); 57, 992 (1890); 97, 306 (1910). 

Tinkler, ibid,, 99, 1340 (1911). ’ 

Henry, ^*The Plant Alkaloids,’’ 3rded., The Blakiston Company, Philadelphia, 

1939. 

** Gill, '’White Water and Black Magic,” Henry Holt and Company, Inc., New 
York, 1940; Bennbt, Am, Scientist, 34, 424 (1946), 
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curare, pot curare, or calabash curare, depending on whether it is packed 
in bamboo tubes, earthenware pots, or gourds. There may be some differ¬ 
ence also in the type of curare in each, since the method of preparation, as 
well as the plants, varies with the district. The drug is reported to be 
nontoxic when taken by mouth because it is absorbed by the intestinal 
mucous membrane and eliminated rapidly. When injected hypo¬ 
dermically, it rapidly paralyzes the motor nerve endings so that voluntary 
movement ceases, and causes death by respiratory failure. The alkaloid 
has been valuable as a muscular relaxant to reduce the dangers in shock 
therapy. 

ICing®*^ has determined the structure of the methochloride of bebe¬ 
erine, a diastereoisomer of tubocurarine chloride. The work furnishes 
a fine example of the now nearly routine steps that are employed in this 
work. Ultimate analysis and molecular weight show an empirical 
formula of CseHasNaOe. Presence of two phenolic and two methoxy 
groups is shown by conventional tests. Both nitrogen atoms are basic. 
The two phenolic groups are converted (sodium salt and ethyl iodide) to 
ethoxy groups in order to distinguish them from methoxy, the compound 
is converted to the methiodide salt and thence by silver chloride 
to the methochloride, and the salt is then subjected in sequence to a 
two-stage Hofmann degradation and permanganate oxidation to give a 
mixture of two acids, each with the composition CjsHieOg, each with one 
methoxy and one ethoxy group (see Fig. 5). By means of certain deduc¬ 
tions made from the behavior of Millon^s reagent with substituted 
phenols, it appears reasonable to believe that the ethoxy group in acid B 
represents the position of one of the phenolic groups in the original 
alkaloid. This acid is obtained by condensation of the potassium salt, of 
methyl 3-hydroxy-4-ethoxybenzoate with methyl 5-iodo-4-methoxy- 
phthalate in the presence of copper. The desired compound is isolated 
from the mixture of products obtained. 

OCaH« OCaHs 

OK I CO?CH, -O-CO2CH, 

CH ,0 COaCHa ^ CHbO CO2CH3 

TO2CH3 TOaCH, 

The phenolester is obtained by hydrolysis (HBr 1.3) of O-ethylvanillio acid followed by esterifica- 
tion. The phthalate is obtained by methylation of o-4>xylani^. oxidation of the methyl ether by 
permanganate to 4-methoxyphtbalio acid, and a conventional sequence of nitration, reduction, diaso- 
tisation, and iodination. 

The other acid (A) is prepared readily by conversion (sodium hydrox¬ 
ide and copper) of the above iodo compound to a hydroxy derivative, 
which by bromination changes to 3-bromo-4-hydroxy-^methoxy phthalic 

“Kino, Awn. Reptt, SO, 242 (1234); J. Chm. Soc., 1472 (1937); 1157 (1989); 
787 (1940), 
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acid. The dimethyl ester of this acid is ethylated by diazoethane, and 
this product is in turn treated as in the equation below in order to give 
the desired compound. A suggested assembly of the parts to give the 


COiCBi COiCRi 

O CO2CH3 - CO2CH* 

Br ^ CHaO -O- 

OEt OEt 


«* Recaption with p-KOCjH4C02CHa. 


Ss CO 2 CH, 



(‘urare alkaloid has already been given in Fig. 1. 


H2 



II2 

Hofmann degradation. * KMnOi oxidation. 

Fig. 5.—Degradation of the diethoxy derivative of the methochloride of bebeerine. 


Problems 

1. What is the product of the following reactions? (a) Phenylethylbenzamide 
heated in 10 parts of toluene with 2 parts of phosphorus pentoxide.® ( 6 ) Vera- 
traldehyde and acetone treated with 10 per cent sodium hydroxide to give a compound 
of the composition C 21 H 22 O 5 , which with hydrogen over Pt 02 gives C 2 iH 2 « 03 , which 
in turn with hydroxylamine, and then with phosphorus oxychloride in toluene for 
2 hr. at 120 to 130® (oil bath temperature), yields C 21 H 28 O 4 N.'® (c) o-Veratraldehyde, 

2 , 3 -(CH 80 ) 2 C 6 HsCH 0 , heated with aminoacetal, the product dissolved in sulfuric 
acid, and the solution saturated with hydrogen chloride.®^ (d) o-Chlorobenzaldehyde 
heated in an oil bath with aminoacetal (how prepared?) until the liberated water is 
removed, and the product of the reaction then heated with a mixture of sulfuric acid 
and phosphorus pentoxide at 160 to 164®.®* (e) Homoveratroylhomoveratrylamine 

allowed to react with phosphorus oxychloride, then aerially oxidized and treated 
with alcoholic potash to give C 2 oHi*NO«.®® (/) p-Bromotoluene, converted to the 
Grignard reagent, and then treated with ethylene chlorohydrin; the product of this 

®i Perkin, Jr., and Robinson, J, Chem, iSoc., 105, 2376 (1914). 

®* Keilin and Cass, J. Am. Chem. Soc.f 64, 2442 (1942). 

®* Buck, Haworth, and Perkin, Jr., /. Ckem. Soc.y 166, 2176 (1924). 
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reaction treated with strong hydrobromiq acid and subsequently with potassium 
phthalimide; the phthalimide treated with hydrochloric acid; the hydrolysis product 
treated with ethyl bromoacetate and then with concentrated hydrochloric acid to 
CuHuNOa, which is treated in sequence with benzenesulfonyl chloride, phosphorus 
pentachloride, aluminum chloride, and finally with hydrochloric acid at 130*^.^ 

2. Name the product that is formed in each step of the following sequence of 
reactions which begins with veratraldehyde, 3 , 4 -(CH 30 ) 2 C 6 H 3 CH 0 , and employs 
each of the reagents named in turn on the product of the preceding step: (a) Hippuric 
acid, sodium acetate, and acetic anhydndc. (6) Dry calcined soda in methanol to 
yield OuHioObN. (r) Hydrogen over platinum oxide at a pressure of 3 atm. (d) 
Phosphorus pentoxide in boiling xylene, (c) Dilute acid permanganate. 

3. The following reactions of isoquinoline are, in general, very similar to those of 
pyridine, piperidine, or quinoline. What is the product of, the reaction of, Ihe follow¬ 
ing? (a) Isoquinoline with zinc and hydrochloric acid or sodium and absolute 
alcohol.®® (6) Isoquinoline and fuming sulfuric acid.®® (c) Tetrahydroisoquincline 
and hydrogen peroxide.®’^ (d) N-Benzoyltetrahydroisoquinoline and alkaline potas¬ 
sium permanganate.®* (c) Isoquinoline and nitric-sulfuric acid mixture.®* (/) Iso- 
quinolinc sulfate treated with fuming (50 per cent SOs) sulfuric acid at 20 to 25° for 
48 hr. and the product subjected in sequence to caustic alkali, diazotized aniline, 
sodium hydrosulfite, and finally a 20 per cent solulion of ferric chloride.^® {g) Iso¬ 
quinoline with ethyl acetylcnedicarboxylatc.^^ (h) Isoquinoline with butyllithium 
and the product of this reaction either treated with water or heated in a nitrobenzene 
solution.'^* (i) Acid hydrolysis of the product of the reaction of isoquinoline, benzoyl 
chloride, and potassium cyanide.’* (J) Isoquinoline fused with potassium hydroxide 
at 220°. 

4. What chemical method could be used to differentiate isoquinoline from 
quinoline?’* 

. 5. (^omplete the steps necessary for the preparation of 4-methylisoquinoline 

from e-cyanobenzylcyanidc.** 

6. What is the probable product obtained from the reactions of apomorphine 
with cyanogen bromide?’® 

7. What is the product of the following sequence of reactions? A mixture pf 
phenylnitromethane and piperonal is heated with a few drops of ethyl- or amyl-amine, 
and the product of this reaction is dissolved in pyridine and reduced with hydrogen 
in the presence of palladium-carbon until 2 molecules of hydrogen are absorbed to 
give a compound that has the composition CuHuObN. This material in turn is 
refluxed with 3 per cent sodium amalgam in alcohol solution to give a compound 

®* Habwood and Johnson, J, Am, Chem, Soc.y 66, 468 (1934). 

®® Hoogkwekff and van Dorp, Rec, trav, chim., 6, 310 (1886) ; Bamberger and 
Dieckmann, Ber.j 26, 1205 (1893); Ladenberg, Bcr., 27, 854 (1895). 

®« Claus and Seelebmann, J. prakt, Chem. [2], 62, 1 (1895). 

®’ Maass and Wolfpenstein, Ber.^ 80, 2189 (1897); 31, 2689 (1898). 

®« Bamberger and Dieckmann, Ber., 26, 1205 (1893). 

Fortner, Monatsh,, 14, 146 (1893); Decker, J. prakt Chem. [2], 47, 40 (1893); 
Claus and Hofmann, J. prakt Chem, [2], 47, 252 (1893). 

Fieseb and Martin, J, Am, Chem, Soc.^ 67, 1840 (1935). 

Diels, Alder, et at, Ann.j 498, 16 (1932). 

ZiEGi^E and Zeiser, ibid .^ 486, 174 (1981). 

’* Reissert, Ber.f 38, 3426 (1906). 

HooqebWerff and van Dorp, Rec , trav, chim.j 4, 289 (1886), 

’* V. BrAjUN and Aust, Rcr., 60, 43 (1917). 
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V 

(analysis of the acetic acid salt is C17H19O4N) that is at first gently warmed in aqueous 
solution with 35 per cent formaldehyde solution and then heated on the water bath 
for 1 hr. to complete the reaction. When again warmed with 10 per cent hydrochloric 
acid, a crystalline compound is obtained which, when freed from hydrochloric acid, 
has the composition CjeHuOaN. Permanganate oxidation then gives a compound 
of the composition C 16 H 11 O 2 N. How would either of the last two compounds be 
degraded in order to prove its constitution?^® 

8. The following fa(Jts, combined with a good knowledge of the chemistry of 
alkaloids, enabled Perkin, Jr., to arrive at the correct structure for a certain alkaloid. 
Arrange the facts in logical order and decide what structure best represents the facts, 
and account for all products. 

The alkaloid has the composition C 2 JH 23 NO 6 . It is optically inactive and cannot 
be resolved by crystallization of the tartrate. Dilute nitric acid converts it to C 2 iH 22 ~ 
N2O7. Permanganate converts the hydrochloride salt of the alkaloid to a compound 
shown to be identical with /w-hcrnipinic acid, which is 4,5-dimethoxyphthalic acid. 
The deep violet solution of the alkaloid in sulfuric acid (a) gives a red coloration with 
phloroglucinol, and a red precipitate when heated with that reagent on a water bath; 
(b) turns colorless at first and then becomes green on addition of a 5 per cent solution 
of gallic acid in alcohol. The alkaloid combines readily with methyl sulfate to give 
the mcthosulfate C 2 iH 2306 N-Me 2 S 04 and this compound is reduced in boiling acid 
solution with sodium amalgam to give a product of the composition C 22 H 290 fiN. 
The reaction of acetyl chloride with this last product yields, by elimination of water, 
an anhydro base of the composition C 22 n 270 4 N. This base when oxidized by dry 
potassium permanganate in acetone solution yields five products, one of which is the 
above-mentioned hemipinic acid and another is a sirupy base of the composition 
Ci 3 Hi 903 N which has two methoxy groups and forms a inethiodide, CisH^OgN'CHal, 
and an oxime. This last methiodide is converted by boiling potassium hydroxide to 
trimethylaminc and another aldehyde whose semicarbazone has the composition 
Ci2Hi603N8. A third product of this permanganate oxidation is a monobasic acid 
of the composition CisHnOsN which, heated in the dry state, gives a compound 
shown to be identical with 6,7-dimethoxy-2-methyltctrahydroi8oquinoline. 

The fourth and fifth products of this oxidation were, respectively, an aldehyde 
C 9 H 8 O 8 and an acid C 9 H 8 O 4 . The aldehyde had no methoxy group, but after a 
sequence of treatment with phosphorus pentachloride, formic acid, and boiling water 
(which yielded, respectively, C 9 Hfl 03 Cl 2 , C 9 H 6 O 4 , and C 8 H 80 s) gave a material CsHsOs 
that was methylated by methyl sulfate in the presence of sodium othoxide to give a 
product that had the composition (CH 30 ) 2 C 6 H 2 (CH 8 )CH 0 and that was not identical 
with 4,5-dimethoxy-o-tolualUehyde. 

The position of the methyl group was determined by oxidation of this aldehyde, 
O 9 H 8 O 8 , to the corresponding acid C 9 H 8 O 4 , which is identical with the acid mentioned 
above as the fourth product. Attempts to oxidize the methyl group in this acid 
resulted in complete degradation. The acid was therefore subjected to the same 
sequence of treatments (PCU, HCOOH, H 2 O) as were applied to the aldehyde, and 
the dihydroxy acid was then methylated to a dimethoxy compound (CH 80 ) 2 C 6 H 2 - 
(CHslCOOH, which was sufficiently stable when oxidized by permanganate to give a 
compound already known as hemipinic acid, or 3,4-dimethoxyphthalic acid. Further¬ 
more, the dihydroxy acid is decomposed by heating with water at 170 to 180° to 
2,3-dihydroxytoluene, otherwise known as iso homocatechol. 

When the original alkaloid was reduced to a tetrahjdro compound, and the anhydro 
base converted to the methosulfate, and this salt was in turn digested with methyl- 
Rjecichbrt and Hoffmann, Arch, Pharm,, 274, 153 (1936). 

Perkin, ibid,, 109, 815 (1916). 
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alcoholic potassium hydroxide^ trimethylamine was eliminated and a compound 
having the composition C20H20O4 was obtained. This compound in turn was oxidized 
by permanganate to give five products, viz., 5 , 6 -methylenedioxy-o-tolualdehyde, 
6 , 6 -methylenedioxy-o-toluic acid, 4,5-dimethoxy-2-vinylbenzaldehyde, m-opianic 
acid ( 4 , 5 -dimethoxy- 2 -aldehydobenzoic acid), and m-hemipinic acid. 

9. Laudosinc is of special interest because it 
was the first opium alkaloid that was totally synthe¬ 
sized. Its structure is indicated on the left. Sug¬ 
gest a sequence of reactions for its synthesis’* from 
nonheterocyclic materials. 


10. Cotamine is an oxidation (manganese dioxide and sulfuric acid) product of the 
naturally occurring alkaloid narcotino. Suggest a method for its synthesis that will 
employ myristicin as the starting reagent and will progress to cotarnine through a 
heterocyclic compound.’® 



H2C 


\ 




CH 2 CH=CH 2 


CH2CH2NHCH8 


CHa 

Myristicin 


H.C I J 


CHOH 
CHa 

Cotarnine 


11. What is the probable structure of an alkaloid that has tlie empirical formula 
C20H21NO4, and that has the following properties? (a) Reaction with hydriodic 
acid yields methyl iodide. ( 6 ) Fuming hydrochloric acid at 130° yields methyl 
chloride and homopyrocatechol. (c) Neutral potassium permanganate yiedds 
veratric acid (3,4-dimethoxybenzoic acid), metahemipinic acid (4,5-dimethoxyphtha!ic 
acid), and 1,2,3-pyridinetricarboxylic acid, id) Fusion with caustic potash yields 
dimethylhomopyrocatechol, C 9 HX 2 O 2 N, a compound that is oxidizable to veratric 
acid.*® 

12. Oxyberberine, C 20 H 17 O 6 N, is obtained from berberine by addition of barium 
hydroxide to the sulfate solution, conversion to the aldehyde form of berberine by 
addition of excess of sodium hydroxide, and then formation of the oxime, which, with 
concentrated sodium hydroxide, yields oxyberberine. The result of these changcis 
is believed to have the structure 


(CH 2 ) 2 ~-N-C =0 

II I ^ 

(CH 202 )C(,H 2 —C==CH—C 6 H 2 ( 0 CH 2)2 


Devise a synthesis for this compound.*^ 

’* Pictet and Finkelstein, Ber., 42, 1979 (1909). 

’® Salway, J, Chem. Soc., 97, 1208 (1910). 

Goldschmidt, Mmatsh., 9, 762 (1882); Rossm, {bid., 12, 486 (1891). 
Hawobth, Koepfli, and PebkIn, Jr., J. Chem. Soc., 648 (1927); cf. SpXth and 
Guistensky, Ber,, 68 , 2267 (1925); Perkin, RAy, and Robinson, J, Chem. Soc., 
127, 740 (1926). 
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18. Suggest a method for the synthesis of 7-hydroxyisoquinoline, the starting 
point in the preparation of the piperidine part in the synthesis of quinine,** 

14. Suggests a method of synthesis for protopine*® and for /-ON-dimethylano- 
lobine®^ which have the formulas shown 




OCHs 


** Woodward and Doerino, J. Am. Chem. Soc.^ 67, 860 (1945). 

*® Perkin, J. Chem. Soc., 109, 1023 (1916); Haworth and Perkin, ihid.^ 1769 
(1926). 

** Marion, J. Am. Chem. Soc., 66, 1125 (1944). 



CHAPTER XII 

ACRIDINES AND OTHER CONDENSED COMPOUNDS 

In addition to the quinoline and isoquinoline compounds, discussed 
in the previous chapters, there exist a number of other condensed systems 
in which the pyridine ring is fused to two or more benzene rings or with 
other heterocyclic rings. Some of these, such as the acridines, have 
practical value as pharmaceuticals or dyes; others, such as e-phenanthro- 
line, are useful in analytical work; and still others, such as the harmala 
and valuable ergot alkaloids, occur in nature. The chemistry of the 
compounds is much like that of the simpler ones, though complicated by 
the larger size of the molecule. 

Naming and Numbering. —The numbering of mono- and bi-cyclic 
heterocyclic compounds offers no special problem, but that of tri-cyclic 
and larger systems is frequently confusing. The older methods wei*e 
usually based on the relationship to compounds of low molecular weight 
such as quinoline, isoquinoline, indole, carbazole, and the like. As 
more complicated compounds were prepared, the numbering became 
correspondingly involved. Two systems are now generally employed; 
that used in Beilstein, which bases the numbering and naming on the 
origin of the compound, and that employed in ‘‘The Ring Index,which 
numbers according to a given set of rules irrespective of the source or 
components of the system. This last plan, as published in “The Ring 
Indexand used in Chemical Abstracts^ has the approval of the Com¬ 
mittee on Organic Nomenclature of the International Union of Chemistry 
(1938) and is applicable to all condeased systems except acridine, anthra¬ 
cene, carbazole, cyclopenta[a]phenanthrene (the parent of the sterols), 
phenanthrene, the purines and xanthene, the nufnbering of which was 
originally made on an empirical basis but has long been accepted as 
standard. 

The best of numbering systems will sometimes fail to be satisfactory, 
and the arrangement that is correct for numbering may often fail to 
show significant parts of the molecule in proper perspective. This 
failure will be seen to be especially true in the case of the formula for the 
ergot alkaloids and for cytisine. Nevertheless, some general system 
should be followed. The one given in “The Ring Index'' has many 

^ Patterson and Capell, *^The lling Index,” Reinhold Publishing Corporation, 
New York, .1940. 
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excellent points, is comparatively easy to understand, and is available 
in book form for consultation. With respect to numbering, this text 
conforms to that system, except for the compounds noted above; with 
regard to naming, it prefers to use the simple names wherever the|ljieaning 
is clear; and with regard to writing the formula right-side up or upside- 
down or othei-vdso, it makes no discrimination in the case of smaller 
molecules, where the numbering is easy to follow, but generally conforms 
to the right-side up scheme in the case of the more complicated 
compounds, such as are described in this chapter. In some cases, 
e.g, quinoline red, the formula is written in two different positions 
in order to reveal aspects of structure that explain the chemical 
behavior. 

Acridine is one of the systems that is an exception to the general rule.^ 
Its numbering, shown in Fig. 1, follows that used for anthracene. The 
nitrogen atom is regarded as in the 10-position, so that substituents in 
the meso position will have as low a number as possible. 

Phenanthridine might be numbered as is the phenanthrene molecule, 
a logical enough practice if acridine is to be patterned aft(^r anthracene. 
The numbering in Beilstein follows this rule. If phenanthridine is 
numbered according to ^^The Ring Index,^' the nitrogen atom is 5, as 
shown in Fig. 1. 

In ^^The Ring Index,all compounds, for purposes of numbering, 
are written in such a way as to make the longest horizontal row of rings 
possible, with the maximum number of rings in the upper right quadrant 
formed by bisecting the horizontal line. If two or more alternative 
arrangements satisfy these requirements, the one that gives the second 
largest number of rings in the lower left quadrant and the lowest number 
to the hetero atom is preferred. Five-membered rings are written with 
the apex up wherever possible. The numbering then begins at the first 
free angle of the ring, which is the farthest right in the top row, and 
progresses clockwise around the molecule. No numbers are assigned to 
the indented position between two rings unless the atom happens to be 
nitrogen, since, usually, there are no substituents at these points. 
According to such a plan, the nitrogen atom of phenanthridine is num¬ 
bered 5. 

2 If there were no exceptions to the numbering plan of **The Ring Index,” the 
meso positions in anthracene would be 6,10-, instead of 9,10-. Anthracene was, of 
course, numbered as it now is in order to emphasize that the reactions in the 9,10- 
positions, between the two rings, were distinctly different from those at other posi¬ 
tions. If the same logic was applied to all other ring systems, the confusion would 
be unending. Although custom has decreed that the meso positions of anthracene 
are to be labeled 9,10-, it would be equally easy to remember these positions if the 
numbering had been 6,10, 
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In cases where a trivial name, such as phenanthridine or phenan- 
throline, is not available, the compound is named as a fusion of two known 
systen^. Benzoquinoline and pyridoquinoline are examples. The 
same principle of numbering is then followed, but the position of fusion 
is given by numbers and letters in brackets between the names of the 




Benso[A] quinolino 
7,8-Beiiaoquinoline 
Naphtho~ r, 2^:2,3>p yrid ine 
o-N aphthoqiiinoline 




Phenanthridine 

(Beiletein) 

a b 



Benzo{A]isoquinoUne 
7.8>Benzoi8oquinoline 
3,4-(Naphtha'l',20-pyndine 
N aphthisoquinoline 




Phenanthridine 
(“The Ring Index”) 


c h 




Pyrido[3.2-e]quinoline 
7,S<Benso-1,6-naphth^ridine 
Pyridino>3'»2' :3,4>qumoline 



1,10-Phenantbroline 
o>Phenanthroline 
l,S-Phenanthroline 


Pyrido{2,3-e]iscxiuinoline 
3,4'Benso> 1,9i-naphthyridiue 
Pyridino-2',3' :3,4-i8oqumoline 
l8oquino-/9-pyridine 



4,7-Phenanthroline 
p-Phenan throline 
f, 8-Phenantb rolino 


1.5- Naphthyridiiie 
Pyrido[3,2,-6]-p3^ridiiie 

1.6- pyridopyridino 



1.7»Phenanthrolino 
m>Phenanthroline 
1 • 6>Phenanthrolin o 


Fio. 1.—Numbering and naming of acridine and related compounds. Key numbers only 

are shown. 


two systems involved. The numbers in brackets have no relation to the 
numbering in the fused system but refer to the numbering in the first 
component.of the fusion; the letters in the bracket refer to the side of the 
second component. For example, pyrido[3,2-o]quinoline means that a 
3,2-position of a pyridine ring is fused with a c side of a quinoline system. 
The letters a, fc, c, etc., for the side of the system are used in place of 
J',2or 2^3'-, or 3',4-, respective^, in order to avoid th^ use of extra^ 
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sets of numbers. In the case of benzo[HQuinoline, the numbers can 
obviously be omitted. 

Several examples of the numbering and naming systems are given 
in Fig. 1. The first name under each compound is the one preferred by 
^^The Ring Index.Other names are given below the preferred name. 
Some of these other names have considerable value. For instance, 

m-, and p-phenanthrolines signify that the nitrogen atoms are located 
as in m-, and p-phenylene diamine, respectively. 

The confusion that can exist in numbering and naming is apparent 
from these comparatively simple cases, for most of which several alterna¬ 
tives are possible. 

One of the great advantages of ^‘The Ring Index'' system is that all 
compounds, which have the same skeleton framework, have, in general, 
the same numbering system, irrespective of the atoms that comprise 
the frame or the position of the hetero atoms in the ring. 

THE ACRIDINES 

Preparation, —In general, acridine compounds are prepared by joining 
two aromatic rings by appropriately placed carbon and nitrogen atoms. 
The wide varic'ty of substances employed in synthesis illustrates the 
groat tendency for the system to form. Figure 2 shows some of the 
methods for making acridines, acridanes, and acridones. Where the 
product is an acridane, the final step to an acridine is made by a mild 
oxidizing agent such as ferric chloride, potassium ferricyanide, or dilute 
nitric acid; where it is an acridone, the conversion to an acridine, if 
desired, is effected by reduction, by distillation with zinc dust, or by treat¬ 
ment with phosphorus pentachloride and reduction. 

Of these processes, the ones that employ diphenyl amines and an 
aldehyde or other suitable carbonyl-containing group, or that use the 
closely related N-aryl-substituted anthranilic acid, or that have m-phe- 
nylene diamine as one component are the most common. All processes 
probably proceed through the formation of an intermediate diphenyl- 
amine, diphenylmethane, or diphenyl ketone. 

General Properties. —The general properties of the acridines are those 
predicted from the chemistry of pyridine and quinoline coupled with 
some anthracene-like behavior. From the quinoline side, one e^epeets 
and finds perhalide formation with bromine, nitration* in the ben? rather 
than the pyridine ring (although the position taken by the nitro group is 
para to the nitrogen rather than adjacent to the pyridine ring), addition 
of alkyl- or aryl-lithium compounds across the 9,10-positions,^ and the 

® Jensen and Friedbiok, J, Am, Chem. Soc.^ 49, 1049 (1927). 

^Bergma.nn, Blum-Bebgmann, and von Christiani, ^ (1^30); 

Ziegler and Ann., 485^ 174 (1931), 



. A nitrog^ atom is in the unit that joins the two ri 
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customary activity of substituents in the 9-position, corresponding to 
the gamma-position in pyridine. An amino group in the 9-position 
suffers hydrolysis more readily than in other positions and forms no 
diazonium salt under normal conditions, although it will under highly 
acid ones.®'^ A methyl group in the 9-position undergoes condensation 
readily with aldehydes and with p-nitrosodimethylaniline^® (the anil is 
hydrolyzable to the aldehyde), and its products with formaldehyde,^* 
chloral,and o-nitrobenzaldehyde^* are hydroxy compounds rather 
than the olefins. Methyl or alkyl acridinium salts form unstable -inium 
hydroxides and cyanides, the hydroxide or cyanide radical of which 
migrates from the 10- to 9-position, at which point conversion of the 
9 -hydroxy-9,10-dihydro product to an acridone, analogous to the pyri- 
dones, takes place with mild oxidizing agents such as potassium ferri- 
cyanide.2® The size of the molecules and the comparative slowness of 
this change in the methyl acridinium compounds makes measurement 

Albert and Ritchie, J. Chem, Soc.l 458 (1943). 

Kaitfmann and V alette, J8er., 45, 1736 (1912). 

Hombebgek and Jensen, J. Am. Chem. Soc., 48, 800 (1926). 

Bernthsen and Muhlert, Rer., 20, 1541 (1887). 

2» Sharp, Sutherland, and Wilson, J. Chem. Soc.y 654 (1938). 

2» Hantzsch and Kalb, Rcr., 82, 3109 (1899); Tinkler, J. Chem. Soc.j 89, 857 
(1906); Aston, J. Am. Chem. Soc., 53, 1448 (1931). 


Among other reagents that may be used in place of the aldehyde, arc* chloroform and zinc oxide 
at 200 to 210®,*® chloroform and aluminum chloride at 300°,® formic acid and zinc chloride at 270°,* 
crystalline oxalic acid and zinc chloride at 260°,* or oxallyl chloride.'^ Benzonitrile at 230 to 250° may 
also be used, in which case the product is O-phenylacridinc.*^ 

* Phenanthridiiie is formed also. Benzaniline does not form acridine or phenanthridine. The 
acridine, therefore, does not come from an intermediate benzalanilme but probably by way of a rear¬ 
rangement to o-aminodiphenylmethaue. 

^ This condensation probably proceeds through the intermediate N-phenylanthranilio acid. Other¬ 
wise phenanthridone should result.*® 

Zinc dust forms the acridine, zinc chloride, or sulfuric acid the acridone. 

* 2-Aminobenzophenone is formed also. 

/ The intermediate product in this case is an anthranil (see p. 425) which need not be isolated. 

* Bsbntbbiin, Ann., SS4, 1 (1884). 

® Gbasbb, Ber ., 17, 1370 (1884). 

* Mbtbr and Hofmann, Monatsh., S7, 608 (1916). 

* Gbabbb and Lagodzinski, Ann., 876, 35 (1893); Ber., 86, 1733 (1892). 

* SoBBOBTiSK and Eiblsb, Ann., 867, 144 (1909). 

*® PtCTST and Hubbbt, Ber ., 89, 1189 (1896). 

** Stoll4 et al., J. prakl. Chem., 188, 1 (1930). 

I* FxacaiiB and Sohuttb, Ber ., 86, 3085 (1893). 

*« Staspbl, ibid ., 87, 3362 (1894); 86 , 3364 (1893). 

UnLMAKN, ibid ., 86, 1017 (1903). 

» Klxbol, ibid., 48, 591 (1909). 

** Bambbrobb, ibid ., 48, 1707 (1909). 

*7 Albert, J. Chem. Soc., 121 (1941). 

Koenig and Nbf, Ber ., 19, 2427 (1886). 
u Mater and Stein, ibid ., 80, 1306 (1917). 

*® Fxsoheb and Kobnbb, ibid ., 17, 101 (1884). 

2* Bbbntbbbn. Ann., 198, 19 ^378). 

» Kuegl, B«r., 41, 1845 (1908). 

*® tsaMSTEnT, ^dd., 68 , 834 (1932). 




332 


THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS 


of the rate of change possible. For example, the conductance of 
9-phenylmethylacridinium hydroxide is high 


CH, CoHi C«H 6 

V . 

HO- ^0.114'^ 


CeH 4 C«H. 

■ CH,N^ 

^C4H4^ 


(/I = 117,5 at 0®) when first formed, is proportionately lower at 10 and 
60 min. (fi = 57.4 and 14.1, respectively), and is approximately zero in 
15 hr. 3-Amino-lO-methylacridinium hydroxide is about 90 per cent 
ionized at M/276 and 0® and, therefore, is almost as strong as sodium 
hydroxide. In contrast to the rapid isomeric change of other bases, this 
base and 3,6-diamino-lO-methyl-acridiniurn hydroxide resist boiling for 
a few minutes. 

From the anthracene-like structure stems the resistance of acridine-9- 
carboxylic acid^^ to esterification by alcohol and mineral acid catalyst 
and the need for preparing the ester from the acid chloride and alcohol. 
Unlike anthracene, however, acridine*^ forms no adduct with maleic 
anhydride. 

Resonance can exist between substituents in the different rings. 
For example, 2-nitro- but not 3-nitro-9-aminoacridine gives a purple 
nitronate with alcoholic alkali. Rearrangement of bonds is possible 
in the former, but not in the latter. 



Compounds. —Acridine was discovered^® in 1870 in a crude anthracene 
fraction from coal tar by extraction mth dilute sulfuric acid. It melts 
at 107®, boils at 345 to 346®, and sublimes readily.®^ It is tribolumines- 
cent.®® It crystallizes from hot water and dissolves readily in alcohol 
or ether. Dilute solutions have a blue fluorescence. It has a charac¬ 
teristic odor, causes sneezing and coughing, and irritates the skin; hence 
its name. As a base {Kb = 3 X 10~'°), it is a little stronger than aniline 
{Ka = 2.7 X 10~^®) and weaker than pyridine {Kb = 2.3 X 10*”®). 
The nearness of the value to that for pyridine suggests that the two 

8 ® Albert and Goldacbe, J, Chem, 454 (1943). 

81 Jensen and Rethwisch, J, Am, Chem, Soc,, 50, 1144 (1928). 

8 * Barnett, Goodwat, Hiooins, and Lawrence, J, Chem, 80 c,, 1224 (1934). 

88 Graebe and Cabo, Ber,, 8 , 746 (1870). 

84 Decker, ibid,, 88, 2502 (1905). 

88 Trautz, Z, phyeik Chem,, 58, 59 (1905). 
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benzene rings exert little influence on the central ring. Acridine forms 
salts with hydrochloric, nitric, and picric acids and with mercuric chloride. 

Acridine has a very stable ring system. Concentrated hydrochloric 
acid at 280*^ and fused potassium hydroxide have no action on it. Sodium 
dichromate in boiling acetic acid oxidizes®*®® acridine to acridone; alkaline 
permanganate converts it to acridinic acid, C 6 H 4 'C%HN; ((X) 2 H) 2 . Sodium 
amalgam reduces®^ acridine to 9,10-dihydroacridine. Pyrolysis®® over 
catalytic nickel with hydrogen gives 2,3-dimethyl quinoline. Sulfur at 
200° gives thioacridone. Nitric acid forms two mono products (2- and 
4-posit ions) and the 2,4-disubstituted product. 2 ®'® Halogens form 
addition compounds,®® so also do the Grignard reagent®® and acetyl 
chloride. Alkyl halides yield quartemary salts that undergo rearrange¬ 
ment of the alkyl group to the 4-position.®®'*^ 

Acridonc melts at 354° corr. and distils at higher temperatures without 
decomposition.^ The yellow crystals dissolve in concentrated, but not 
dilute, hydj’ochloiic or hydriodic acid and in alcoholic, but not aqueous, 
alkali. They are fairly soluble in hot acetic acid, but only slightly 
so in ether, benzene, and chloroform. Alcohol is a good solvent for 
crystallization 

Acridone yields acridine by zinc-dust reduction® ®® or by treatment 
^\ith a potassium cyanide meltp-^ it gives 9,10-dihydroacridine^® by 
reduction with sodium in boiling amyl alcohol; it forms 10,10'-diacri- 
dony],^ (Gi 8H80)N—N(Ci 3 H 80 ), by dichromate oxidation in boiling 
acetic acid; it changes to thioacridone®^ in poor yield, with sulfur and red 
phosphorus at 200°; it yields 9-chloroacridine® with phosphorus penta- 
chloride and oxychloride at 120 to 130°; it forms 2,3-dibromoacridine 
A\ith bromine^^ in glacial acetic acid; and it produces N-alkyl comi)Ounds® 
A\ith alkyl iodide and the potassium salt at 130 to 140°, but not with 
alkyl iodide alone. In spite of the carbonyl group, no oxime nor phenyl- 
hydrazone is formed. Neither is acridone acetylated by acetic anhydride 
and sodium acetate. 

The relative absence of basic and acidic properties, the high melting 
point, the absence of marked phenolic or ketonic properties, and the 

GRA1.B1: and Caro, Ber ., 13, 99 (1880); Ann ,, 168, 265 (1871). 

37Edingkr, Ber,, 33, 3770 (1900); Edingbr and Arnold, J, prakt, Chem. [2], 
64, 187 (1901). 

Padoa and Fabris, Gazz, chim, itaL, 38, I, 283 (1908). 

3»Senieb and Austin, J. Chem, Soc,, 86, 1196 (1904); Senier, Austin, and 
C’larkb, ibid., 87, 187 (1905). 

Tinkler, ibid.f 89, ^7 (1906); Kaufman and Albertini, Ber,, 42, 2003 
(1909). 

Dehn, j. Am, Chem*, 80 c,, 34, 1409 (1912), 

Graebb and LaOodtinski, Ann,, 276, 35 (1893). 

** Ullmann and Maag, Ber,, 40, 2521 (1907). 

** Tanasescu and Ramontianu, Bull, aoc, chim, 15], 6, 486 (1939). ^ 
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similarity to 4-hydroxypyridine are in accordance with the view that 
acridone is a resonance hybrid of acridone and an unstable internal salt 
of 9«hydroxyacridine.^® 


O 0“ 



Acridine or acridone compounds are invariably obtained by synthesis 
rather than from acridine itself. A few typical preparations are shown 



* KaCOi + Cu in hot amyl alcohol, heated in 96 per cent H2S()4. 

NO2 NO2 



* Cu 4- NasCOa in CaHaNOa at 220®, HsSOa on water bath. 

Cl, 

OH, 

• 260 to 360®. 

Fig. 3.—Some methods of preparing compounds with the acridine framework. 

in Fig. 3 in order to emphasize the use of anthranilic acid/® o-halogeno- 
benzoic acids, and diphenylamine as intermediates. The halogen 
atom is more active if ortho to the carboxyl group or, better, ortho or para 
to a nitro group. The diphenylamine intermediate will form, however, 
when m-nitrobromobenzene is used. 

** Albebt and Gledhill, J , Soc, Chem, Ind .^ 61T, 169 (1942). 

Barnett, Giluebon, and Kebmack, /. Chem, ^oc., 433 (1934). 

Jensen, J, Am, Chem, Soc,j 49, 1049 (1927). „ ,, 

^ BenIer and Compton, J, Chem, Soc ,^ 99, 1623 (1914). ^ 

HEwett, ** l>ye Stuffs Derived from Pyridine, Quinoline, Acridine, and Xan- 
thene,^* Longmans, Green and Company, New York, 1922. 
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Acridine 9-carhoxylic acid (m,p. 300®d.) can be obtained^® by treating 
acridylmethylol, C 18 H 8 N.CH 2 CH 2 OH derived from 9-methylacridine and 
formaldehyde, with chromic-sulfuric acid on a water bath. The acid may 
be prepared^’" also by a longer series of reactions similar to the sequence 
used for converting 4-methylquinoline to quinoline-4-carboxylic acid 
(page 285). 9-Methylacridine condenses with chloral, aqueous 20 per 
cent alkali causes hydrolysis and loss of water, permanganate oxidizes 
the resulting acrylic acid, and silver oxide and alkali then convert the 
aldehyde to acridine-9-carboxylic acid. Like other sterically hindered 
acids, this compound cannot be esterified by alcohol and mineral acids. 
Conversion to the chloride and thence to the methyl or ethyl ester gives 
products melting at 127.5 or 78®, respectively. 

Acridine Dyes.—The first acridine dye'*® came as a by-product in the 
preparation of fuchsin by oxidation of a mixture of p-toluidine and aniline 
with arsenic acid or nitrobenzene. One of the aniline molecules con¬ 
denses in the ortho instead of the para position. The product is known 
as Chrysaniline or Phosphine and has received considerable attention as 
a yellow dye for leather. 



Though discovered in 1863 by Nicholson, its structure was not deter¬ 
mined uhtil 21 years later, when Fischer and Komer®® converted it to 
9-phenylacridine by eliminating the amino groups with the aid of the 
diazonium reaction and confirmed their conclusion by a synthesis from 
o-nitrobenzaldehyde and aniline. The free base melts at 266®. The 
nitrate or hydrochloride is used as the dye. 

0 ~ 


« The nltrobetuialdehyde is firet condensed with two molecules of aniline sulfate in the presence 
of zinc chloride. I^Vom the resinous mass a product is obtained, which, by reduction with sine dust and 
acid, forms triamlnotriphenylmethane. Arsenic acid at 180-200^ then forms the dye. 

Fisohbje and K5 bneb, 17, 207 (1884), 
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The important acridine dyes are, in general, derived from m-phenyl- 
enediamine, 2,4-dinitrotoluidine, their eqtiivalents or their derivatives. 
Methods®^ that illustrate the preparation of several of these compounds 
are given in Fig. 4. 




Fig. 4.—Methods for the preparation of some acridine dyes. 

An alternative preparation of acriflavine is accomplished by nitration 
of 4,4'-diaminodiphenylethane, reduction of the nitro groups with tin 
and hydrochloric acid, thermolysis of the tin salt product at 135®, and 
oxidation of the acridane with ferric chloride. 

In addition to the many processes like those above, there are several 
preparations that illustrate interesting chemical reactions or lead to 
variations in the types of dyes. For instance, the replacement of oxygen 
by nitrogen, mentioned often in this text, takes place with fluorescein 
and gives an acridine,®* which becomes a dye when treated with an alkyl 
halide or an alcohol and acid. Cleavage of a carbon-carbon bond results 

Benda, ibid .^ 45, 1787 (1912); Ehrlich and Benda, ihtd., 46, 1933 (1914); 
ScHOPFF, ibid ., 27, 2317 (1894); Smerous, -<4nn., 414, 181 (1918). 

** Meyer and Oppblt, Ber., 21, 3376 (1888), 
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when a tetraminoditolylmethane®* is heated with jS-naphthol. Addition 
to an anil of p-nitrobenzaldehyde leads eventually to an acridine com¬ 
pound.®^ These changes are shown below. 



« Reaction with 3-naphthol. Elimination of 2,4>diaminoto)uene. 



Large H « p-CHjiC«Il4. 

“ Addition of m-phenylenediamine to the anil. 
* Ring closure. 


Combination with anthraquinone gives a dye that has the advantages 
of vat dyeing.®® The intermediate anthraquinone-l-anilino-o-carboxylic 
acid is obtained from 1-aminoanthraquinonc and anthranilic acid. Bis- 
as well as mono-acridylanthraquinone compounds have been so prepared. 



The bis product so prepared from 1,5-dichloroanthraquinone is known 
as indanthrene violet BN. It is not a true indanthrene but is a 
benzo[ 1,2-c,4,5-c']diacridinc. 

Dyes of the acridine type color cotton and leather. Acridine orange 
is used as a photographic sensitizer®® in company with other anilinium 

Ullmann and Neff, ibid.j 83, 914 (1900); c/. British patent 16,474 (1888). 

M D.R.P., 106,719 (1898). 

Ullmann and Uchsnjsr, Ann,j 381, 1 (1911); Ullmann and Dootson, Ber., 51, 
9 (1918). 

Mbes, **The Theory of the Photographic Process,*' The Macmillan Company, 
New York, 1942. 
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Table I.—Acridine Compounds with Antiseptic Activity 



Name of principal type; 
names of substituents 
present 

Acridine 

Methocliloride of 3,6- 
mmethoxy- 


O-Aminoacridine 

Dihydrochloride of 

3 ,6-dimethoxy- 

3.6- Diaminoacridine 
Sulfate 

Hydrochloride 

Methochloride 

Methiodide 
N, N-Tetramethyl- 

2.7- Dimethyl-3,6-di- 
aminoacridine 

Methonitrate 
Methochloride of N- 
methyl- 

Methochloride of N- 
dimethyl- 

Methonitrate of N- 
dimethyl- 

6 ,9-Diaminoacridinc 
Lactate of 2-ethoxy- 


9 (4-aminophenyl)-acri- 
dinc 

Hydrochloride of 2- 
amino- 

Hydrochloride of 6- 
methyl-2-amino 
3 ,6-Diinethyl-2-amino* 


Trade name 


Acridine 

Sinflavinc 


Proflavine 

Flavine or trypaflavine 

Acriflavine, trypaflavine 
neutral, or euflavine 

lodoflavinc 

Acridine orange . 

Acridine yellow 

Brilliant phosphine yel¬ 
low 

Flavicide 

Brilliant phosphino im- 
mino 


Uivanol 


Diaminophosphine, 

chrysaniline 

Monomethylphosphine 

Dimethylaminophofi- 
phine, benzoflavine 
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ion systems such as rhodanine, pinacyanol, or pinaflavoL The color is 
caused by the fact that resonance exists between nitrogen atoms that 
have similar basicity. Two structures are shown below. 



The therapeutic activity of acridine compound®^ was discovered by 
Ehrlich and coworkers during studies with triphenylmethane dyes. 
Crude dichloro ortho-para fuchsin proved less toxic but more trypanocidal 
than para fuchsin, methyl violet, and like compounds. The difference 
was traced to the presence of an impurity, an acridine compound, the 
formation of which has already been discussed. Acridine, itself, has 
only a little activity; but the amino-substituted compounds, particularly 
the 2,6-diamino substituted acridines, have attracted much attention. 

A number of comparatively simple compounds, which have an antiseptic 
action on paramecia, gonococci, and pneumococci are listed in Table I. 

In general, the introduction of amino and, to a leas extent, of methyl 
groups increases antiseptic action.®® Change of the ring nitrogen atom 
from a trivalent state to the ammonium salt increases the effectiveness. 
The methiodide salt, iodoflavine, is about half as active as the corre¬ 
sponding methochloride, acriflavine. The antiseptic action of these 
compounds is probably affected greatly by the dispersion of the drug. 
Light has a pronounced effect. 

The most active of the compounds listed are acriflavine (trypaflaviPe) 
and rivanol. The name ‘Hrypaflavine'' was given by Ehrlich because of 
its trypanocidal powers and its yellow color. The English called the 
compound ‘^acriflavine.'' While not a remedy for trypanosomiasis, the 
compound received considerable attention during the First World War 
because of its effect on bacterial wound infections It has been used as 
a urinary antiseptic,®®* but other compounds have supplanted it. 

Table II shows the relationship of basic strength, determined in 
67 per cent methanol, to the bacteriostatic index of the aminoacridines.*® 
Values for the bacteriostatic effect are expressed in powers of 2. Hence 
9-aminoacridine is 2®-®, or fourteen^ times as effective as 4-aminoacridine. 
The high basicities of the 9-amino and 3-amino compounds are consonant 

Chemotherapeutic Acridine Compounds,*' Reports from the Medico 
Chemical Research Laboratories of the I. G. Farbenindustrie, Leverkusen, Germany. 

®*v. Oettingbn, ^'Therapeutic Agents of the Quinoline Group," Reinhold Pub¬ 
lishing Corporation, New York, 1933. 

(a) Goodwin and Gilman, ^'The Physiological Basis of Therapeutics," The 
Macmillan Company, New York, 1941. (&) See Ref. 30 and Kumler and Daniels, 
J. Am. Chem. Soc., 05, 2194 (1943). 



340 


TUE CHEMISTRY OF HETEROCYCLIC COMPOUNDS 


Table II. —Basic Strength and Bacteriostatic Activity op Some Aminoacridines 


Acridine substituent 


None. 

3 X 10-‘o 

4-Amino. 

2-Amino-. 

4 X 10“ii 

2 X 10”« 

1-Amino-. 

5 X 10-9 

3-Amino-. 

3 X 10-7 

9-Amino-. 

2 X lO'fi 



with the resonance effect.®** The low value for 4-aminoacridine suggests 




4-Aminoacridine 


Atebrin is 3-chloro-7-methoxy-9-(l-methyl-4-diethylaminobutyl- 
ammo)-acri(line dihydrochloride. The nonproprietary name is quin- 
acrine hydrochloride. Synthesis consists of preparing the acridine and 
amine portions separately and then uniting the two parts. Methods 



• Replacement of the amino groups by chloro atoms by moans of nitrous acid and cuprous chloride, 
oxidation of the methyl group by permanganate, condensation with p-anisidine by reaction with ort’e 
of the ohloro atoms, ring formation with phosphorus oxychloride. ^ Reaction with the amine, NHsCH*- 
(CHi)(CH*)iCH2NEt8, in an anhydrous phenol melt. The amine is prepared from ethyl acetoacetate 
by alkaline condensation with ethylene oxide, followed by reac'tions w'lth hydrogen >>romide, diethyl 
amine, hydroxyl amine, and sodium and alcohol. Instead of the ethylene oxide, hydrogen bromide, and 
diethylamine, the condensation with ClCH2CH3NEt may be use«l; and in place of the oxime-sodium and 
alcohol steps, the ketone may be catalytically reduced in the presence of ammonia. 

Fig. 6.— Preparation of atebrin. 


are shown in Fig. 5. The compound melts at 245 to 255® and has con¬ 
siderable value as an antimalarial. Production reached enormous 
quantities*® during the Second World War. 

Rubber inhibitors have been made'from compounds®^ in the acridine 
series. 9j9--Dimethylacridinej from acetone, diphenylamine, and zinc 
chloride, is claimed to be an antioxidant for vulcanized rubber. It 
probably owes whatever value it has to its relation to the comparatively 
active diphenylamine. 

‘^Shbrndal, Chem, Eng. NewSy 21 , 1154 (1943). 

Hobst, U.S. patent 1,916,108 (1933); Seman, Canadian patent 337,506 (1933); 
Scott, U«S. patent 1,958,9^ (1934); Shepard, Ind, Eng. Chem., 28 , 281 (1936). 
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Naphthacridines. —These high molecular weight acridines have 
received some attention because the framework of one is similar to that 
of 1,2,5,6-dibenzanthracene, the cancer-producing compound. Both the 


l,2,5,6-Dibeiii;acridiuo or dibenz[a,A]acridino 1,2,7,8-Dibcnzacridine or dibenz[aj]acridine 

compounds®^ above cause cancer. The respective syntheses®® are efiFected 
by the thermal condensation at 160® of a-naphthylamine and /3-naphthol 
with formaldehyde at 160® and of /3-naphthylamine and jS-naphthol 
with formaldehyde at 200®. The compounds melt at 228 and 216°, 
respectively. 

Phenanthridines. —Phenanthridines have received less attention than 
acridines because they have no commercial importance. A standard 
preparative method is to treat o-acyl- or o-aroyl-amino substituted 
biphenyls with fused zinc chloride at 250 to 300® or better with phos¬ 
phorus oxychloride.®^ Pyrolysis of benzanilide^ or of benzalaniline®® 
also gives phenanthridine. Benzalaniline was, in fact, the first source 
of phenanthridine. Tn addition, there are a number of rearrangements of 
fluorene or indole compounds (see Fig. 6) that yield phenanthridines or 
phenanthridones. The first one®® is a utilization of the common 
instability of the nitrogen-chlorine system coupled by a ring strain in 
the fluorene framework; the second®® is somewhat similar, but with the 
unstable azide group; the third®^ is the conventional Beckmann change, 
which in the case of this nitrofluorenone oxime occurs in such way that 
the two nitrogen atoms take positions as far apart as possible (the same 
result is realized in the Curtius degradation®® of the hydrazide of 4-nitro- 
diphenic acid); and the fourth®® is a pyrolysis method that is of the same 
type as the change of a-methylpyrrole to pyridine, of N-benzylpyrrole to 
iS-phenylpyridine, of a-methylindole to quinoline, or of a-methyl- 
isoindole to isoquinoline. 

Barry, Cook, et al, Proc, Roy. Soe. London, Sec. B, 117, 331 (1936). 

Ullmann and Fetvadgian, Ber., 86 , 1027 (1903); MOhlau and Hasse, ibid., 
85 , 4164 (1902). 

Morgan and Walls, J. Chem. Soc., 2447 (1931). 

Pictet and Ankersmit, Ber., 22, 3339 (1889); Ann., 266, 138 (1891). 

*® PiNCK and Hilbert, J. Am, Chem, Soc., 69, 8 (1937). 

Moore and Huntress, ibid., 49 , 1324, 2618 (1927). 

®*Labriola and Felittb, J, Org. Chem., 8, 536 (1943). 

«® Pictet, Ber., 88, 1946 (1905). 
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Phenanthridine (m.p, 104®, b.p. above 360®) and phenanthridme 
(m,p. 293®) have, in general, the .properties that would be expected from 
the similarity to the corresponding acridine compounds and from the 
presence of a pyridine ring. Phenanthridine is unaffected by chromic- 
acetic acid mixture, but is oxidized^® by calcium hypochlorite and cobalt 
nitrate. The phenanthridone product, in turn, reverts®^ to phenanthri¬ 
dine when heated with zinc dust. Tin and hydrochloric acid, but not 
iron and acidified water, reduce phenanthridine to 5,6-dihydrophenan- 
thridine. Hence nitrophenanthridines can be reduced to amino com- 
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R - r«H4; R' - OiNCJIa. 

« 9-Phi*nyl-9-ammortuorpno, pr(»r)ared from the corresponding ehloro compound and ammonia, is 
treated with sodium hypochlorite and then with anhydious pyridine and sodium methoxide. The 
aside, prcpaicd from 9-naphthyl-9-chlorofluorcnc by treatment with Lydiamie and then with nitrous 
acid, is converted by heat to the phenanthiidine. «The oxime, prepared by treatment of 4-miio- 
diphenio acid with concent!ated sulfuiic acid, is treated with phosphorus pontachloiide in order to 
form the phenanthridone. The methylcaibazole, prepaied from potussium caibazole and methyl 
iodide, is passed through a tube, heated to dull ledness. 

Fig. 6.—Methods for preparing phenanthridiiies and phenanthridoiieb from fluorenc com¬ 
pounds by rearrangements. 


pounds by iron and acid without the nucleus being affected.®^ Sodamide 
in xylene at 120 to 130® produces an almost quantitative yield of 6-amino- 
phenanthridine from phenanthridine. The amino group, as expected, 
hydrolyzes slowly and does not undergo diazotization in acid solution. 
The monoacetylated product yields no salt when treated with methyl 
sulfate. 

Chelidonine, sanguinarine, and chelerythrine are alkaloids of the 3,4- 
benzphenanthridine type. The probable structure*^^ of sanguinarine is 
shown below; that of chelerythrine is similar except for two methoxy 
groups in place of the methylene dioxy group in the isoquinoline portion 
of the molecule. Synthesis’^^ Qf framework of compounds of this 

Pictet and Patry, ibid., 26, 1964 (1903). 

’^^SpiiTH and Kuffner, 64 , 1123, 2034 (1931). 

Richardsok;, Robinson, and Seijo, J, Chem. Soc^j 835 (1937). 



ACRIDINES AND OTHER CONDENSED COMPOUNDS 


343 



CHa 


type (but not of the alkaloid itself) is illustrated below. The process is 
an application of Pschorr^s phcnanthrene synthesis. The large R rep^’e- 
sents a dimethoxyphcnyl or dimethoxybenz system, and the two starting 
reagents are veratraldehyde, 1 , 2 , 4 -(CII 30 ) 2 C 6 H 3 CII 0 , and acctovera- 
trone, 1 , 2 , 4 -(CH 30 ) 2 C 6 H 3 C( 0 )CH 8 . The steps are conventional ones; 
the nitrile is obtained by addition of hydrogen cyanide to the chalcone; 
the nitrile is hydrolyzed to the acid, the ketone is reduced and the ring 

O O 

CHaC 


l^CHO 

« Aqueous NaOH, NaCN in HOAe. Concentrated H2SO4, boiling NaOH, Zn + HCl in HOAe, 
POCh. * UaNOH, Na C3H7OH, anhyd. HCO2H, POCU. 



closed in the second series; the formylated amine undergoes ring closure 
(isoquinolinc formation) in the third series. An alternative t6 the last 
set of four reactions is to heat with formamide and then treat with phos¬ 
phorus oxychloride. 

Phenanthrolines. —Compounds in which two pyridine rings are fused 
to one benzene ring in an angular arrangement are known as phenan- 
throlines. Theoretically, they are derived by a simultaneous double 
Skraup synthesis from o-, m-, and p-phenylenediamine (see below) and 
hence are often called o-, m-, and p-phenanthroline; actually only the m- 



and p-phenanthrolines can be so prepared.^® The ortho isomer—and, of 
course, the other two, if desired—can be prepared by a succession of 

Kaufmann and Radosbvi^, Ber ,, i2, 2613 (1909). 
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Skraup syntheses, first on the nitroaniline and, second, on the reduction 
product of the nitroquinoline first formed. Ring closure invariably 
forms an angular product. 

Substituted phenanthrolines can be obtained^® from appropriately 
substituted aniline compounds as shown below. They may also be 



«Skraup synthesis, reduction with Sn + HCl or with J'e + HCl, Skraup synthesis. Melting 
points of products are 123, il9, and 114® as R is Cl, Br, or CH«, respectively. 

prepared from benzene azo compounds^®—a source particularly valuable 
when the amino compound is unstable or difficult to obtain. For 
example, 5-benzeneazo-8-hydroxyquinoline gives hydroxy-m-phenanthro- 
line, and p-aminoazobenzene gives p-phenanthroline in good yield. 



« Skraup synthesis. 

o-Phenanthroline forms a red complex with ferrous chloride, known as 
^^ferroin,^^’'^ which is an exceptionally good reversible indicator for elec¬ 
trometric processes.’^ The ferric salt is blue. The molal potential is 
1.14 volts. It can be used with such oxidizing agents as ceric sulfate, 
potassium permanganate, and potassium dichromate. The nitro 
derivatives have higher oxidation potentials. o-Phenanthroline has 
also received some attention as a bacteriological stain and, in the form 
of the cobalt and manganese complexes, as a drying agent. 

The m- and p-phenanthrolines are oxidized by alkaline permanganate 
to dipyridyldicarboxylic acids, and the diacids, in turn, are converted 
to dipyridyls by heat. In the case of the a,j3'-diacid, one of the carbonyl 

Two notable exceptions to the rule that angular products always result from 
Skraup synthesis are (a) the linear product from l-chloro-2-naphthylamine (see 
page 395), and (h) the angular and linear products from 2-aminotetralin. This last 
compound, however, is more like an alkylaminobenzene than a true naphthalene 
derivative. Hence condensation should, and does, occur on both sides of the amino 
group, [v. Braun and Gruber, Ber., 56 , 1710 (1922).] 

Richter and Smith, J, Am. Chem. Soc., 66, 396 (1944). 

Matsumura, ibid.y 52, 3974 (1930). 

Smith and Getz, Chem. Rev., 16, 113 (1935). 

Walden, Hammett, and Chapman, /. Am. Chem. Sac., 53 , 3908 (1931). 

Nichoijson, Ind. Eng. Chem., 84 , 1175 (1942). 
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groups is lost at 200°, the other one at a higher temperature. The oxida¬ 
tion processes are preparative ones for and i8,jS-dipyridyls.®° Two 
examples will be given. p-Phenylenediamine condenses almost quan¬ 
titatively with 2 molecules of ethyl acetoacetate, and the /8-amino pro¬ 
duct undergoes ring closure when heated in paraffin oil at 260° after the 
well-known process for preparing 4-hydroxy lepidines. Oxidation of the 
phenanthroline product (m.p. 332°) gives a dipyridyldicarboxylic acid.**^ 



® Heat at 260®. (A Conrad-Limpaoh reaction ) ^ KM11O4. 


In the second example, a double pyruvic acid condensation, so useful in 
the preparation of quinolines, is applied to p-phenylenediamine. The 
phenanthroline is oxidized to 2,4,2',4'-tetracarboxy-6,6'-diphenyi-3-3'- 
dipyridyl. This last compound was prepared in connection with studies 


(\H5 CoHs 



« Dobners pyruvic acid condensation with benaaldehyde. KMn 04 . 

on restricted rotation. The dipyridyl. exists in two stereoisomeric 
forms, but the interference to rotation is less than in the diphenyl series.** 
Anthrazolines. —When two pyridine rings are fused to the same 
benzene ring in a linear arrangement, the products are known as anthrazo¬ 
lines. The compounds are more difScult to prepare than the phenan- 
throlines, since the Skraup synthesis can no longer be used. Preparation 
of 1,9-anthrazoline** (the compound can be called also pyrido[8,2-jf] 

•• Smith, J. Am. Chem. Soc., 58, 397 (1930). 

»' Jacini and Bbbtolu, Oazz. ehim. Ual., 59 , 111 (1939); C.A., 88 , 6402 (1939); 
Jacini and Sauni, Gazz. ehim. iUd., 69 , 717 (1939); C.A., 84 , 4737 (1940). 

•» Woodbuff and Adams, J. Am. Chem. Soc., 64 , 1977 (1932). 

•» Rcaou, Hindbbmanm, and Fbby, Helv. Chim. Acta, 21, 1066 (1938). 
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quinoline and diasanthracene) from 4,6-dimethyl-l,3>dinitrobenzene is 
shown below. 

. OHO>*^CHO ^ 

OiiN NO, **" 0,N^^N0, 

• p-QNC.H.N(CHi),, H,0 + HNOi. ‘ FoSO, + NHi, CH.C(0)CH,C;0,Kt, KOH, HCl, heat. 
The two methyl groups can be removed from the product by bromination, followed by acid hydrolysis 
and decarboxylation. 

Compounds in this series have'the properties expected from the 
behavior of less complex molecules. The two methyl groups in 2,8- 
dimethylanthrazoline are like the methyl groups in quinaldine; and 
sodium and hot amyl alcohol reduce anthrazoline to a 1,2,3,4,6,7,8,9- 
octahydro product.®^ 

Synthesis of the 1,6-anthrazoline (or pyrido[2,3-^]quinoline) 
is accomplished®® by a longer sequence of reactions that begins with 
terephthaldehyde. 

H 

k^CHO 0,N H2 

o Nitration introduoea one nitro group, lualonic acid condensation, decarboxylation, catalytic 
reduction over Raney nickel, nitration with nitric>sulfurir acid. **11* + Ni, POCla + PCI*, HI -f P 
in CHaCOiH at 150 to 173®. 

Pyridindoles or Carbolines.—The structure of the pyrindoles is that 
of a pyridine fused with an indole system. Because they have the 
appearance of a carbazole and a quinoline, they are frequently called 
carbolines.®® According to the ‘^The Ring Index,the compounds are 
named as pyridindoles and numbered as shown below. The name 


«-Carboline /9-Carboline 

9-I*yrid[2,3>6]indole 9- Fyrid[3,4-5]iRdole 


7 -Carboline 5-Carboline 

5-Pyridl4,3-6]indole 6-Pyrid[3,2-5]lndole 

**carbolinc'^ is more convenient in some respects than pyridindole, but 
considerable confusion exists in the literature as to how the isomeric 
carbolines shall be designated. This text employs the prefixes—jS, y, 

Ruggu and Frbt, ibid., 82,1413 ( 1939 ). 

Evggli and Pebiswbrk, ibid.^ 22 , 478 ( 1939 ). 

Peirkin and Rorinson, /. Chem, Sae,, 115, 967 (1919). 
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and 6 to indicate the position of the nitrogen atom in the pyridine ring 
relative to that in the indole system and uses the general system of 
numbering as given in '^The Ring Index’’ to indicate the position of a 
substituent. 

The a- or 7 -carbolines are prepared readily from a- or 7 -chloropyri- 
dines and o-phenylenediamine®^ by the method illustrated below for the 
7 -isomer. 



« 7 -Chloropyridine. HNOs, hot HaPOi in order to dccompoMO the triaxolo and form the carboline. 
FustMi zinc chloride is used in the formation of the oe-isomer. 


More complicated compounds of this type can be prepared from a- and 
7 -chloroquinoline by means of the same reaction. The process is identical 
with that for making carbazoles. 

The j3-carboline framework is found in some alkaloids. In the 
laboratoiy, it can be obtained by the method shown below for the syn¬ 
thesis of norharman.^* The first step is a fine example of the Japp- 
Klinglemann reaction. Ethyl cyclopentanone carboxylate behaves as do 
the substituted ethyl acetoacetates (page 302) in which the indole is 
formed with extrusion of the ketone group. The ethyl /3-(indoxyl-3)- 

(CH 2)3 a -n(CH2)2C02Et ft - - 

nA-io J t'O.Kt \N 

AosEt ” ^ 

The ethyl cyclopentanone carboxylate is shaken with u suitable phenyldiazonium chloride and the 
product IS refluxed with alcoholic sulfuric acid. * Hydrolysis, decarboxylation, and esteriflcation fol¬ 
lowed by treatment with hydrazine hydrate, sodium nitrite in acetic acid, and heat in boiling benzene. 
« Zinc dust distillation. Partial formulas arc used in the above diagrams. 

propionate product (this method is an excellent one for obtaining this 
ester) is converted to the azide, which, in turn, is heated according to the 
conventional practice for forming isocyanates. Ring closure simul¬ 
taneously takes place. Save for a poor yield in the last step, the procedure 
is good. 

A better method®* employs the well-known process for making iso¬ 
quinolines, as shown below for harman. 

•’^Robinson and Thobnlby, tbid.y 2169 (1924); Lawson, Pebjkin, Jb., and 
Robinson, ibid,y 626 (1924). 

** Manskb and Robinson, J. Chem, Soc ,, 240 (1927) ; c/, Kalb, Schweitzkb, and 
ScHiMPF, Ber., 69, 1868 (1926). 

Spath and Lbdbber, Ber., 68, 120 (1930). 
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A Acetic anhydride, phosphorus pentoxide, palladium black at 195°. 

The related biological process, in which tryptamine condenses with 
acetaldehyde at room temperature in a buffered solution (P^ ~ 5 or 6 ),®® 
gives an almost quantitative yield of tetrahydroharman. 

Occurrence of the /S-carboline nucleus in alkaloids such as harmine 
or yohimbine is probably related to the presence of tryptophan in nature. 

Harmine and Related Alkaloids. —The seeds of Paganum harmala, 
a plant found in the South Russian steppes and in India, are used in 
Turkey as a vermifuge and in India as a disinfectant and a red dye. 
The chief alkaloids®^ present are harmine, C 18 H 12 N 2 O, harmaline, 
C 18 H 14 N 2 O, and harmalol, C 12 H 12 N 2 O. Harmine is probably present 
also in the South American plant '‘yage’’ or “caapi,'" used by the natives 
in preparing an intoxicant. Remarkable properties have been ascribed 
to harmine under the name of ^‘yageine,^^ ^^banisterine,’’ and 'Hele- 
pathine.^' In large doses, harmine causes tremors and convulsions. 

Formulas for harmine and harmaline are shown below. 



In harmalol, the methoxy group of harmaline is replaced by a hydroxyl 
group. Degradation and other studies®^ show that the alkaloids contain 
(a) an active methyl group that condenses readily with benzaldehydo 
to give a benzylidene derivative, which, by permanganate oxidation and 
(decarboxylation of the resulting acid in hot glycerol, is converted to 
norharman (the prefix nor- means methyl-free”); (b) amethoxybenzene 
ring that survives, in the form of m-nitroanisic acid, the nitric acid 
oxidation of harmaline; (c) a pyridine ring, which, after oxidation of 
harmin with chromic acid, appears as harminic acid, C 8 H 6 N 2 -COOH, 
which, in turn, changes to isonicotinic acid by further oxidation with 
nitric acid; (ci) an unsubstituted nitrogen atom that is methylated by 
methyl iodide, or acetylated by acetic anhydride; and (e) an absence of 
any carbon atom attached to the /^-position of the pyridine ring because 
the product of oxidative degradation shows no /S-acid under conditions 
where the less stable p-carboxyl group survives. Furthermore, dilute 

Hahn and Ludewig, Bcr., 67, 2031 (1934). 

Henbt, **The Plant Alkaloids,*' 3d The Llakiston Company, Philadelphia, 

1939. 

Peekin and Robinson, J. Chem, Soc,, 101, 1775 (1912); 116, 933, 967 (1919). 
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nitric add oxidizes harmaline to harmine, and reduction of either com¬ 
pound gives tetrahydroharmin; both reactions are typical of a pyridine 
ring. Consideration of these facts suggests a fused phenyl, pyrrole, and 
pyridine system in the order named. Indeed, the base, harman, derived 
by elimination of the methoxy group, is identical with the base derived 
from tryptophan by oxidation with ferric chloride in the presence of 
alcohol or by treatment with acetic anhydride and zinc chloride followed 
by oxidation with dichromate. 


ClI^O 



NH 2 


Large R ■» CeH^ <. 

« HCl at 140 to 150^ Znbh + NH 3 at 250®, HNO,* >> OHjCHO, FeClj 01 AczO + ZnCh, K 3 CUO 7 . 


Synthesis of harmalaUj^^ the methoxy-free compound corresponding 
to harmaline, is effected by a sequence of indole and piperidine prepara¬ 
tions. Benzenediazonium chloride reacts with a sodium sodioaceto- 
acetate derivative. Because the sodium salt is used in place of the 
ester, the carboxyl, rather than the acetyl, group is extruded during 
the coupling process (the ketone group is extruded in the preparation of 
norharman, page 347). The remaining steps are common. 



H 2 C (CH 2 ) 2NH0(0)r6H4 
Na(^C(0)CH, <*’OjNa 
C'OsNa 



« The chain attached to aoetoaoetic acid is obtained with trimothylene bronude and potassium 
phthahmide. The Japp-Klinglemann synthesis causes extrusion of the carboxyl gioup (see page 102), 
acetic anhydride causes the phthahmide ring to form, dry hydrochloric acid forms the indole system, 
bydrasine hydrate and hydrolysis remove the phthalic acid (see page lid), dry hydrocliloric acid 
forms the pyridine ring. 


Harman (m.p. 236.6®) occurs in nature as the alkaloids aribine and 
loturine.®^ Harman, norharman, indole carboxylic acid, and other bases 
have been isolated also among the products of alkali fusion of the alka¬ 
loids, alstonine and tetrahydroalstonine, obtained from alstonia. These 
alkaloids, but not the derived bases, have some antimalarial activity.®^ 
Yohimbine, C2iH56N208, is an alkaloid from the yohirnb^ bark, used 
by West African natives as a powerful aphrodisiac. It is identical with 
quebrachine from the bark of the quebracho tree in Argentina. 

Manske, Pbbkin, and Robinson, thid., 1 (1927). 

»<SpXth, Momtsh,, 40, 361 (1919); 41, 401 (1920). 

**Lbonabd and Eldbbfibld, J, Org, Chem., 7, 656 (1942). 
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Degradation studies®® suggest the structures®^ shown below. 
HOH 



Alkaline saponification gives yohimbic acid. Oxidation of the decar- 
boxylated product converts the secondary alcohol to a ketone. Pyrolysis 
(dry distillation of acid or ester with soda lime or zinc dust, distillation 
with superheated steam at 300®) gives fragments sucTb as 3-ethylindole, 
indole-2-carboxylic acid, harman, and isoquinolinc. Selenium dehydro¬ 
genation gives yobyrin, C19H16N2, tetrahydroyobyrin, C19H20N2, and 
ketoyobyrin, C 20 H 16 N 2 O. Nitric acid oxidizes the tetrahydro product 
to berberonic acid, which is 2,4,5-pyridinetricarboxylic acid. Gentle 
alkali fusion (KOH in boiling amyl alcohol for 12 hr.) of the keto com¬ 
pound gives norharman and 2,3-dimethylbenzoic acid. 

The carbomethoxy group may, however, be at C7 instead of Ci. A 
solution of yohimbine behaves toward concentrated sulfuric acid and an 
oxidizing agent (FeCls) as does l,2,3,4-tetrahydro-/?-carboIine-3-car- 
boxylic acid. A play of colors from green to yellow, orange, red, and 
violet occurs at the interphase of the solutions. The reaction is the 
Adamkiewicz test for tryptophan, which apparently depends on the 
formation of l,2,3,4-tetrahydro-i8-carboline-3-carboxylic acid, since only 
those compounds that have or can form such a product give the test.®* 
The fact that yohimbine gives the test suggests that the carbomethoxy 
group is at C7. 

The Ergot Alkaloids. —Ergot is a fungus that grows on rye. In 
years past, countries, chiefly central European, that depended on rye 
as a staple food were frequently subjected to frightful epidemics of 
gangrene,®® caused by this fungus. Since 1860, no outbreak of the 
disease has been ref)orted. 

The amount of mixed alkaloids in the ergot does not exceed 0.1 per 
cent. Simple bases, such as histamine, tyramine, cadaverine, and 
putrescine, are present in the extract. Some of the complex alkaloids, 

Barger and Scholz, /. Chem. Soc., 614 (1933); Helv. Chim. Acta.j 16, 1343 
(1933); Clemo and Swan, J, Chem. Soc.^ 617 (1946). 

Hahn, Kappes, and Ludewig, Her., 67, 686 (1934). 

Harvey, Mxlusr, and Robson, J, Chem. Soc.^ 153 (1941). 

Barger, '‘Ergot and Ergotism,” Gurney and Jackson, London, 1931. 
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such as ergotoxime, C 86 H 41 N 5 O 6 , ergotamine, C 88 H« 6 N^ 05 , and particu¬ 
larly ergonovine (also called ergobasine, ergometrine, ergostetrine, and 
ergotocine) C 19 H 28 N 3 O 2 , are very important physiologically because they 
induce rhythmic contraction of the puerperal uterus. Isomeric and 
interconvertible with these compounds are the physiologically inert alka¬ 
loids, ergotinine (the formula is identical with ergotoxime save for the 
absence of water of crystallization), ergotamine, and ergomctrimine, 
respectively. 

The ergot alkaloids appear to be combinations of lysergic acid, or its 
isomer, with certain amino acids or compounds derived from them, such 
as 2-aminopropanol-l, pyruvic acid, or isobutylformic acid.^^® Methyl 
alcoholic potassium hydroxide converts the four large molecular weight 
alkaloids to ergine,^®" CieHnNsO, the amid of lysergic acid, C 16 H 16 N 2 O 2 ; 
aqueous alcoholic alkali hydrolyzes the smaller molecular weight alkaloids 
to lysergic acid and 2-aminopropanol-l, the latter possibly by reduction 
from alanine. Ergonovine, the most active alkaloid is, therefore, the 
hydroxyisopropylamide of lysergic acid.^®^ 

Though not yet synthesized, lysergic acid is known to be probably an 
indoloquinoline. It contains an N-methyl and a carboxyl group; resists 
acetylation, as does also its dihydro derivative (from reduction by cata¬ 
lytic hydrogen or sodium and amyl alcohol); forms stable salts with one 
equivalent of acid only; loses carbon dioxide and methyl amine at 210 to 
230°; and produces the same color with dimethylaminobenzaldehyde and 
hydrochloric acid that indole compounds do. Dihydrolysergic acid, when 
fused with potassium hydroxide in an atmosphere of hydrogen, gives 
methyl amine almost quantitatively, l-methyl-5-aminonaphthalein, and 
an alkylindole, which, because it gives a color test with dimethylamino¬ 
benzaldehyde, must have an alpha or beta position unoccupied. Ultra¬ 
violet-light absorptions of dihydrolysergic acid and a,i6-dimethylindole 
are practically identical. Nitric acid oxidizes lysergic acid to a tribasic 
product with an N-methyl group, C 14 H 9 NO 8 , and this acid, by distillation 
over soda lime, gives quinoline. These results^®® indicate that lysergic 
acid is a tetracyclic system with an indole and quinoline nucleus; and 
the former suggests an origin from tryptophan. The color test with 
dimethylaminobenzaldehyde indicates an unoccupied alpha or beta posi¬ 
tion in indole; hence the arrangement of rings must differ from that in 
harman. The formula^®^ below fulfills these requirements. Two dia- 

1 ®® Jacobs and Craig, J, BioL Chem,f 146, 487 (1942), 

^®^ Smith and TiMMis, J. Chenu Soc,, 763, 1543 (1932); 674 (1934). 

1 ®* Jacobs and Craig, Science^ 82, 16 (1935). 

1 ®® Jacobs and Craig, J, Biol Chem., Ill, 455 (1935); 118, 767 (1936); 116, 227 
(1936). 

Opyi-D, Jacors, and Craig, Ibid,, 146, 487 (1942)» 
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grams are shown: one to illustrate the numbering system as in ^^The 
Ring Index/^ the other to illustrate better the indole system. 



Vacuum sublimation of dihydrolysergic acid (from dZ-lysergic acid 
by sodium-butyl alcohol reduction) at 350° gives an unsaturated lactam, 
C 16 H 16 N 2 O, which is converted by catalytic hydrogenation to a saturated 
lactam. Sodium-butyl alcohol reduction reduces this lactam to a 
hydroxy product that loses water readily. A second catalytic hydrogena¬ 
tion then gives dimcthylergoline.^®® These changes, which occur in 
ring D, are shown below. 


nr\ ntr r\ nrr r\ 



« Heat at 350®. * Hi + Pt. « Na + BuOH, Ha + Pt. 


Synthesis^®® of dimethylergoline is accomplished from 3-amino-l- 
naphthoic acid (from nitration of 1,8-naphthalic acid and subsequent 
steps) according to the plan below. 




* The changes represented here are threefold: one a Skraup synthesis with the«,Y-dimethyl ether of 
^•methylglyoerol to form the quinoline ssmtem; the second a nitration, reduction, and lactomisation 
to form the indole system; and the third, a treatment with methyl iodide followed by silver chloride 
in order to form the methochloride. & Reduction by Hi over Pt in order to form the tetrahydro deriva¬ 
tive, further reduction by Na and BuOH. 

Gould, CRAta, and Jacobs, 149, 487 (1942). 

Jacobs and Gould, ibid.^ 180, 399 (1939), 
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Naphthyridines. —Four examples of naphthyridine compounds are 
listed below. 



1,7- 1,5- 2,7-(coin nno) 


Syntheses of compounds that have such frameworks are accom¬ 
plished by standard methods. A 1,8-product, for instance, is obtained 
from 2-aminonicotinic acid by the following steps: 



O 

» HaC(C02R)a + NaOR. ^ Saponification and decarboxylation followed by treatment with phua- 
phorus oxychloride and then with hydrogen over palladium. 

A derivative of the 1,7- or 2,7-naphthyridine can be obtained^®* from the 
potassium imide of quinolinic acid (illustrated below) or cinchomeric 
acid, respectively. The diketo products, incidentally, have the —C(0)- 
CH 2 —NH— system characteristic of indoxyl and, hence, undergo 
oxidation by hydrogen peroxide or potassium persulfate to a dimer. 



« C1CHsC 02CH3, NaOCHa. * HI. 

A dibenz-1,5-naphthyridine^°® is synthesized by an adaptation of 
Pictet and Hubert's preparation of phenanthridines. The compound 
has some interest because of its similarity to phenanthridine products, 
which have some trypanocidal activity. 



«A Pfilsinger reaction with the aminoaoetophenone derivative, CeH»C(O)Cn*NHC(0)C*H$. 
^ Hot sirupy HxPOa eliminates the carboxyl group, benaoyl chloride and pyridine replace the benaoyl 
group removed during decarboxylation. The system is now somewhat like a lS«phenylethylamine with 
an N*bensoyl group. Treatment with PsOt at 270 to 280** closes the ring. 

10 ^ Koller, Ber., 60, 407, 1672 (1927). 

Pels, ibid., 87, 2129 (1904) ; Gabriel and Colman, ibid., 86, 1368 (1902). 
Pbthow, Stack, and Wragg, Ckem, Boc., 316 (1943), 
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Quindolines.—o-Nitrobenzaldehyde condenses readily with indoxyl. 
Reduction of the nitro group permits ring closure to a quindoline. 
o-Aminobenzaldehyde, similarly, forms the quindoline (m.p. 248®).“® 


oHCQ 


H 


Such condensations of o-aminobenzaldehyde with compounds having an 
active methylene and carbonyl group are common. Hydindone, cou- 
maranone, and thionaphthenone act as does indoxyl. 

Epindolines.—The name epindoline“^ is derived from “epi^^ and 
^^indoline^’ and is intended to indicate an analogy with quindoline. The 
dihydroxy derivative, in the isomeric form (epindolidione), is isomeric 
with indigo and may well be a congener of that compound in some 
preparations. Preparation of dimethylepindolidione is outlined below. 
The yellow fibrous crystalline product is insoluble in most organic 

R 'C(0)Ch.ci . Q/^nhr' , 

,NHC(0)C0jEt 

Large R' CHtCtHs. Small R' ■* CH»C«U4. In each case, the methyl groiip is para to the 
amino group. 

The starting material in this reaction is obtained by the reaction ClCH8C(0)C6H3(CH3)NHa 
+ EtO»CC(0)Cl-+ ClCH»C(0)C«Ht<CHa)NHC(0)C0tm. 

« Nal in acetone, p-toluidine, boiling aqueous NaOH. ^ CHsOH -f HsS04, CH3C(0)C1, SOCh, 
AlCli. 

solvents and is sparingly soluble in boiling quinoline. The compound is 
also a dibenz-l,5-naphthyridine derivative. 

Phenotripyridinej pyrido[2,3-/]m-phenanthridine, known commonly 
as phenotripyridine, is the analogue of triphenylene.^^ it is prepared 
in good yield from a mixture of trinitrobenzene, triaminobenzene, 
glycerol, and sulfuric acid. It melts at 236®, boils above 360®, dissolves 
in benzene and in chloroform, and crystallizes from alcohol. The 
solutions have a blue fluorescence. 



110 NdLTiNO and Stbuer, Rcr., 43, 3512 (1910); StOrnbr and Barthelmbs, % bid ,^ 
48, 62 (1915). 

AiNLEir and Robinsok, J, Ckem, Soc.^ 1508 (1934). 

Pictet and Babbier, Bull, soc. chim, [3], 13, 28 (1895). 
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Azanthraquinones. —These anthraquinone-like compounds are used 
as dye intermediates. The azanthracene'^® is prepared from a i^-amino- 
naphthalene which has the alpha position blocked by a chloro, alkyl, or 
phenyl group, so that the Skraup synthesis is forced to give a linear rather 
than the usual angular product. Oxidation of the azanthracene gives 
the azanthraquinone. 

Quinoline Red. —The structure of this compound is represented 
below by two formulas:^^^ the first to accord with the numbering plan, 
and the second to show the relationship to the cyanine dyes, which it 
resembles sufficiently to be used in photography. The compound is 
prepared^® by heating equimolecular quantities of isoquinoline, quin- 




aldine, and benzotrichloride with zinc chloride at 120°. Oxidation con¬ 
verts the compound to the corresponding diquinolyl ketone.^'® 

Alizarin Blue. —This compound has historical value, because a 
consideration of its formation^^^ from alizarin orange led Skraup to try 
the reaction with simpler compounds and to discover the reaction that 
bears his name. The yield of alizarin blue is, of course, better from 
/3-aminoalizarin, glycerol, arsenic acid, and sulfuric acid. 



Flavanthrone. —^Alkali fusion at 330 to 350°, or treatment with anti¬ 
mony pentachloride in nitrobenzene, converts jS-aminoanthraquinone 

i^^’KOberle and Ploetz, U.S. patent 2,003,596; C.A,j 29, 4777 (1935); U.S. 
patent 2,133,100; C.A., 8S, 875 (1939). 

Kbantz, Chem. Weekblad, 11, 864 (1914). 

Hofmann, Ber., 20, 4 (1887). 

VoNGEBicHTBN and Hofmann, tW,, 40, 3446 (1912). 

Knuefpbl, Ber., 29, 703 (1896). 
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to flavanthrone.“® The compound crystallizes as yellow-brown needles 
from boiling quinoline. It forms a soluble blue vat dye with alkaline 


O O 



hydrosulfite which colors cotton a deep blue. The dye is very fast except 
to light. 

The above condensation is general. If the two amino are replaced 
by methyl groups, and nitric acid or concentrated sulfuric, and potassium 
nitrate is used as the agent, the corresponding nitrogen-free compound, 
known as pyranthone, is produced. 

Dibenzodiazap 3 rrene.—This compound is prepared by a typical con¬ 
densation that can be used for preparing phenanthrene and phenan- 
thridine compounds. The chrome-yellow product melts at 362°. 


•AlCU 




The starting material, l.-Vcliaiiil- 
inonaphthaione, is prepared from 
1,5-aihydroxynapnthalene and 
aniline at 260° for 24 hours. 


Emetine. —Emetine is the principal constituent of ipecac, obtained 
from the dried rhizome and roots of Cephaelis ipecaewnha, a plant that 
is native in Brazil and Bolivia and is cultivated in India. It is used as 
an emetic and an amoebocide. For nearly three centuries, the ipeca¬ 
cuanha root has been a specific cure for dysentery. 

Scholl, tbid .^ 40, 1691 (1907); Scholl and Dischendobfer, ibid *, Zl, 452 
(1918). 

Scholl, tbid., 48, 346 (1910). 

Clemo and Dawson, Chem, Soc,, 1114 (1939). 
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The structure is known only by examination of the degradation 
products. Tsoquinoline nuclei are present, but the arrangement of the 
remainder of the molecule does not appear to resemble too closely the 
familiar forms of the large group of isoquinoline alkaloids. The formula 
below accounts for most of the properties so far noted. 


Ha Ha 



OCH, 
OCH, ' 


Cytisine and Related Compounds.—Cytisine, C 11 H 14 N 2 O 2 , occurs 
in the seeds of Cyiisas laburnum and a number of other Leguminosae. It 
acts as a purgative, emetic, and diuretic. The formula appears to be 
that of a pyridone and piperidine joined by a meta bridge in the latter. 

It resembles some of the piperidine compounds discussed in Chap. IX 
but with substituents in the 3,5-positions. The formula is written in 
two ways below in order to emphasize these features. Nitration and 



bromination give mono nitro and bromo derivatives, respectively. 
Mono acyl and nitroso derivatives exist. One of the nitrogen atoms is a 
weak base, since the common salts are monoacidic (although a dihydro¬ 
chloride has been obtained). Ring scission, under the influence of 
hydriodic acid and red phosphorus, eliminates one nitrogen and breaks 
a bond to the other. The fragments recombine, as a 2 -hydroxy- 6 , 8 - 
dimethylquinoline. Barium permanganate and N-methylcytisine gives 

Bbindley and Pyman, ibid,, 1067 (1927); Staub, Helv. Chim, Atcta, 10, 826 
(1927); SpXth and Lbithk, Ber., 60, 688 (1927). 

1 ** Ing, J. Chem. Soc., 2778 (1932); SpXth and Gawnovskt, Bcr., 66,1338 (1933). 
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CH, 



H, 


+ P. 

two isomeric lactams, which, in turn, undergo alkaline hydrolysis to 
amino acids. Formation of two, rather than one, lactam indicates that 
a methylene group is on either side of the nitrogen atom of the piperidine 
ring. 

The lupine alkaloids lupinane and sparteine probably have a frame¬ 
work similar to that of cytisine. A suggested^23 formula for sparteine 
is shown below. 



Diazacarbazole. —This carbazole-like product is obtained by reactions 
typical of the formation of carbazoles. The compound^^^ melts at 



300^. It cannot be nitrated, brominated, acetylated, nitrosated, or 
aminated under the usual conditions. Methyl sulfate forms the N-methyl 
derivative. It gives no characteristic color reaction with concentrated 
sulfuric acid, pine splinter and hydrochloric acid, isatin, or benzaldehyde. 

Problems 

1. Write formulas for the following compounds:^ (Note; In difficult cases, write 
the formulas for the parts named on each side of the bracket, number and letter each 
section independently, then combine the two parts according to the specifications 
within the brackets.) Benzo[a]phenanthridine, dibenz[/,/i]isoquinoline, naphthof2,- 
l-/)quinoline, naphtho[2,3^^]isoquinoline, quino[S,7-/ilquinoline, quino[4,3-6]quinoline, 
pyrido(2,3-/]l,7-phenanthroline, pyrido[2,3,4,5^/,m,n]phenanthridine, 9, IMioxadi- 
benjBo[a-Z]pentaoene. 

CnBMo and Eapbr, /. Chem. Soc,f 644 (1933). 

Kob)710S and Leopold, Ber., 74 » 215 (1941). 
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2. p-Aminoacetanilide is heated with o-bromobenzoic acid, potassium carbonate, 
and copper at 155® for 4 hr. in amyl alcohol, and the product is treated with 
96 per cent sulfuric acid at 100° for 3 hr. The same final product is obtained from 
potassium anthranilate and p-bromonitrobenzene in the presence of copper after 3 
hr. in boiling nitrobenzene followed by treatment first with ferrous sulfate and 
sulfuric acid and then with 96 per cent sulfuric acid at 100°.^* What product is 
formed? 

3. The anilide of phcnylacetic acid, when treated with phosphorus pentachloride, 
yields a product that has the composition C 28 H 22 N 2 . Chloroacctanilide, by a similar 
treatment, yields a compound that has the composition C 16 H 12 N 2 CI 2 . The dianilide 
of pimelic acid, C 6 H 6 NHCJ( 0 )(CH 2 ) 6 C( 0 )NHC 6 H 6 , with phosphorus pentachloride 
forms a product that has the composition C 19 H 18 N 2 . Treatment of this last com¬ 
pound with concentrated hydrochloric acid gives 1 molecule of aniline and a product 
of the composition OuHiaNO. Reduction of the Cio compound with sodium and 
alcohol gives aniline and CisHnN. The type of condensation with phosphorus 
pentachloride is the same in each case. Suggest plausible structures^®* for the prod¬ 
ucts formed. This condensation is unlike any described in the text but the products 
can be correctly predicted from consideration of the fragments eliminated in the 
condensation, the likely positions from which the elimination can occur, and the 
reasonable assumption that a heterocyclic ring is formed. 

4. Suggest the probable product of the compound that has the empirical formula 
indicated and is made from the reagents listed, (a) C 18 H 8 N 2 O 2 from 2-amino- 
benzaldehyde with p-nitrobromobenzene followed by treatment with concentrated 
sulfuric acid.® (5) (M 0 H 12 N 2 O 2 from 5- or 6-aminoquinoline (how prepared?) 
with bcnzaldehyde and pyruvic acid in absolute alcohol.^®* (c) CJ 5 H 10 N 2 from 
o-nitrobcnzaldehyde with indoxylic acid followed by treatment with zinc dust in 
acetic acid.^^** ( d ) C 14 H 13 NO 2 from isatin with cyclohexanone in the presence of 30 
per cent potassium hydroxide.^®’' 

6. What is the product from each of the following reactions? (o) p-Tolylan- 
thranil, dissolved in strong sulfuric acid at —10° and treated with powdered sodium 
nitrite.(6) Diphenylamine heated with succinic acid and anhydrous zinc chloride.'®'* 
(c) 4,4'-Diaminodiphenylmethane sulfate, treated with nitric acid, the dinitro product 
heated with stannous chloride under pressure, and the product of this reaction 
oxidized.*^ (d) Benzoyldiphenylamine treated with anhydrous zinc chloride at 
210 to 280°.* (e) A mixture of valeric acid and diphenylamine heated with zinc 

chloride at 200 to 220° for 24 hr.* (f) o-Chlorobonzaldehyde, 2,4-dmitroaniline, and 
sodium carbonate heated with copper in nitrobenzene, and the product then treated 
with concentrated sulfuric acid.^* (g) One mole of 7?i-phenylenediaminc, four moles 
of glycerol, one mole of oxalic dihydrate; and one and a third mole of zinc chloride 
heated*^ for 45 minutes at 155°. (h) /3-Naphthylamine, refluxed with benzylidene-^- 

naphthyl amine in alcohol for 15 hr.*®® (i) 2,2-Dihydroxy-l,r-dinaphthylmethane, 

heated under pressure and at elevated temperatures with an aqueous solution of 
ammonia.^*® (j) 3-/3-Aminoethylindole heated for 1 min. with formaldehyde in the 
presence of sulfuric acid.^*^ 

^®* V. Braun, Hbymons, and Menz, ibid ,, 64, 227 (1931). 

1 ®* WiLLOEBODT, V. Neander, and Jablonski, ibid ., 33, 2918, 2928 (1900). 
Borsche, Ann., 377, 70 (1910); Ber., 41, 2203 (1908). 

1 ** Schenk, ibid ., 39, 2425 (1906), 

Haase, ibid ., 36, 591 (1903). 

1 *® Lehmann, IJ.S. patent 2,242,585; C.A. 33, 5648 (1941). 

Spath and Lederer, Ber., 68, 2102 (1900K 
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6. Suggest a reaction or a sequence of reactions for preparing each of the following 
compounds: (a) 9-Phenyl-2,7-dimethylacridine.'^ (b) 3-Nitro-9-mothylphenanthri- 
dine.*** (c) m-Phenanthroline-6-carboxylic acid.*** (d) 6-Bromobenzene[/i]qiiino- 
line.*** 

7. What is the formula of the Ci»HnNO compound produced from carbazole 
by the following succession of reagents: (a) potassium hydroxide in acetone solution 
with o-nitrobenzoyl chloride, (6) zinc dust and acetic acid, (c) sodium nitrite in sulfuric 
acid, and (d) heat? What name or names might be given the compound? What is 
the numbering according to ^^The Ring Index”?*** 

8 . When dry calcium anthranilatc is heated at 340®, a C2fiH220N4 product is 
obtained. Distillation with zinc dust gives acridine. A saturated hydrochloric acid 
solution at 170® gives acridone. Suggest a mechanism that accounts for these 
products.*** 

9. 2,7-I)iamino-10-methyl acridinium chloride is loss effective against streptococ¬ 
cus than the isomeric acriflavine. Suggest a method for preparing this compound 
from acridine.*®^ 

10. Tetrahydroharmine and potassium permanganate yield a C 18 H 4 N 2 O 2 com¬ 
pound that is neutral and forms no chloro derivative with pliosphorus pontachloride 
or phosphorus oxychloride. What bearing do these facts have on a decision between 
the two possible formulas written below for tetrahydroharmine?®* 



11. The product of reaction of o-nitrobenzyl chloride with benzene and aluminum 
chloride is reduced by tin and hydrochloric acid, and then treated first with nitrous 
acid, and then with arsenious oxide, alkali, and ammoniacal copper, sulfate to form 
CisHijOsAs. When this last compound is dissolved in concentrated sulfuric acid 
and heated for a few minutes on a water bath, and the solution poured in water, 
crystals are obtained which have the composition C 1 SH 11 O 2 A 8 . Name the final 
product.*** 

12. What is the probable structure of the C 18 H 10 N 2 product formed when 9-phenyl- 
9-fluorylamine, CisHuN, is treated with potassium amide and potassium nitrate 
in liquid ammonia?**® 

13. When 2-aminopyridine is refluxed in a dimethylaniline solution of pi cry 1 
chloride for 2}^ hr,, nitrogen oxides are evolved, and a product that has the composi¬ 
tion CiiH«N 404 is formed. Explain the reaction. By a similar treatment, 6-amino- 
phenanthridine is converted to Ci 9 HioN 404 . What product is formed?*** 

14. When the product of the condensation of m-aminoacetanlide with ethyl 
acetoacetate is heated in paraffin at 260®, a small amount of a compound of composi- 

*** Morgan and Walls, J. Chem, Soc., 2225 (1932). 

***Skraup and Fischer, Manatsh,, 5, 523 (1884). 

194 XJtbrmohlbn Jr. and Hamilton, J. Am, Chem, Soc,, 68, 156 (1941). 

*** Plant and Tomunson, J, Chem. Soc.y 2188 (1932). 

*** Roller and Krakauer, MonaUh.f 60, 51 (1928). 

**^Lehmstbdt and Hundertmabk, Ber., 64, 2386 (1931). 

*** Gitmp and Stoltzenberg, J. Am. Chem. Soc.^ 68, 1428 (1931). 

**® White and Bergstrom, J. Org. Ckem.j 7, 497 (1942). 

Morgan and Stewart, J. Chem. Soc,, 1292 (1938). 
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tion C 12 H 12 N 2 O 2 is obtained. This product is boiled with 33 per cent hydi^ochloric 
acid and then treated with glycerol, arsenic acid, and concentrated sulfuric acid. 
What is the structure^^' of the CiaHioNgO product? 

16. Devise methods for synthesizing the following compounds from accessible 
or easily prepared reagents. 


O 



126 144 146 


Apply the same method as was used for the last compound, or a closely related method, 
to the preparation of l,2,5,6-dibenz-9-fluorene.'^® 

16. Addition of lime to a well-stirred mixture of cyclohexanone, formaldehyde, and 

water yields a product that is coverted by aniline in the presence of stannic chloride 
to a compound that has the composition CuHiaN. When this last compound is 
heated with selenium at 270® to 320®, the product is What changes are 

involved? 

17. Suggest a method for synthesis of the dt'gradation product, shown below, 
of cytisine. 



Kermack and Webster, ibid,, 213 (1942). 

Fishter and Rohner, Ber., 43, 3489 (1910). 

MsgTEiNKOPF and GOnther, Ann,, 622, 28 (1936). 

Kermack and Tebrich, J. Chem, Soc,, 376 (1945). 

1 ** Berliner, J. Am, Chem, Soc., 64, 2894 (1942). 

Kenner, Ritchie, and Statham, J. Chem. Soc., 1169 (1937). 
SpXth and Galinovsky, Ber., 71, 721 (1938). 



CHAPTER XIII 

AZOLES, AZOLONES, AND RELATED SYSTEMS 
PART I 


The ending -azole designates a five-membered ring system with two 
or more heteroatoms, one of which is nitrogen. The compounds may be 
regarded as being formed by replacement of a carbon by a nitrogen atom 
in a ring that already contains one or more hetero atoms; or, as originally 
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« Known only in its derivatives. 

Fio. X,—Naming and numbering of typical monocyclic aaole and related systems. 


\a^/ 

h 

Pentarsenole 


defined,' by replacement of a double methine group by a hetero atom 
(0, S, or NH) in a compound of the pyridine type. The azoles are 
grouped together in this text because many of the methods of preparation 
are common to large numbers of compounds, irrespective of the hetero 
Ittoms present; and because the reactions that they undergo are similar. 

1 4nn., 949,1 (1S88). 

3^3 
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The name reveals the type. Oxazoles, thiazoles, or selenazoles 
contain an oxygen, sulfur, or selenium atom, separated from nitrogen 
by a carbon atom (see Fig. 1). Iso-, prefixed to these names, designates 
the corresponding isomeric compoxmd with the hetero atoms adjacent 
to each other. Imidazoles contain an imide system, separated from 
nitrogen by a carbon atom. They are cyclic amidines. Pyrazoles, 
theoretically derived from pyrroles, have the two nitrogen atoms adjacent 



Benzoxa/olu Bcnzisoxazole Authtaiiil 



Bciizthiazolo 1 2-Benz!i8othiazole 2 1-Benzisothiazole 



B( fizimiiiazole Indazolc I^oindazole 

(2 l-b(nzupyrazole) (l,2-bcnzop>iazole) 



H 

l-Ben/otnazole 2-Benzotnazole Benzfurazan 

(2 1 3-beiizoxadiazole) 



H 


2 1,3 Beiizoxathiazole Bonzifiothiadiazole Benzofuraraan 

Fig 2 —Naming and numbering of some benzazole compounds. Some of the com¬ 
pounds are lepiesented as having a 1,3-bndge. The problem of an alternative structure 
as shown for indazole will be discussed later in this chapter. 


to each other. Triazoles and tetrazoles have three and four nitrogen 
atoms, respectively. 

Glyoxaline is an empirical name, used sometimes for imidazoles, 
because the parent member of the series was first derived from glyoxal 
and ammonia. The term furazan, another empirical name commonly 
used in place of 1,2,5-oxadiazoles, is derived from the relationship to furan. 

Azolines are partly reduced and azolidines are completely reduced 
azoles. If oxygen is present as a substituent and has reactions which 
show that it exists in the keto rather than the end form, the ending -lone 
is attached. Examples are oxazolone, thiazolone, imidazolone. 

The ending -ole is used for other five-membered heterocyclic ring 
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systems without nitrogen. Examples are l,2,34rithiole, C 2 H 2 S 8 , and 
1,3,2-dithiastibole, C 2 HjS 2 Sb. Occasionally a compound is not an azole 
in spite of the ending. Carbazole is a long-established exception to the 
general rule. Prontosil was at one time incorrectly called rubiazole. 

The numbering of monocyclic azole systems (see Fig. 1) begins with 
the hetero atom that is in the highest group in the periodic table and with 
the element of lowest atomic weight in that group. For example, in an 
oxazole, the numbering begins with the oxygen atom and progresses 
by the shortest path to the nitrogen atom; in a thiazole it begins with the 
sulfur atom; in an oxathiazole it starts with oxygen, progresses to sul¬ 
fur and thence to nitrogen. Imidazoles have two nitrogen atoms, 
either of which may be the starting point. For that reason, the alter¬ 
native numbering is usually designated in parentheses, as in 4(5) 
l)romoimidazole. 

If the system is bicyclic, as in the case of benzoxazole, the numbering 
begins with an atom nearest the benz ring, a hetero-atom, if possible. 
It follows, therefore, that the order of numbering, as prescribed for 
monocyclic systems, is sometimes modified. Anthranil and benzofuran 
(Fig. 2) are examples. 

METHODS FOR THE PREPARATION OF AZOLES 

Since many preparative methods are common to a number of different 
types, and since the process used for one frequently suggests a way for 
the preparation of other types, the various methods are grouped, in 
order to emphasize the similarity. 

From l|4-dienol Compounds.—Compounds that have (or by enoliza- 
tion are capable of having) two hydroxy groups, or an amino and a 
hydroxy group in the 1,4-positions, readily undergo ring closure when an 
oxygen, sulfur, or nitrogen atom is available to fill the gap. The process 
is essentially that used for making a furan, thiophene, or pyrrole. Figure 
3 shows numerous combinations, arranged in order for the production 
of compounds with three carbon atoms joined together in the ring 
(example 1), two carbon atoms so linked (examples 2, 3, and 4), and 
finally one carbon atom linked directly to no other carbon but to nitrogen 
(examples 6 and 6). The first example shows the formation of an iso- 
xazole from the monoxime of a 1,3-diketone system, a process that occurs 
with extreme ease. The second shows the preparation of an oxazole or 
thiazole by ring closure of the acyl or like derivative of an a-amino- 
ketone, aldehyde, or acetal. The third shows ring closure of the dioxime 
of a 1,2-dialdehyde or diketone. The fourth is a combination of an 
enolizable ketone with a hydroxy azo reagent. In the particular exam¬ 
ple shown, the o^amino compound, derived by the action of ammonia on 
ethyl acetoacetate, is treated with nitrous acid to give the intermediate 
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necessary for ring closure. The fifth example shows the way in which a 
diacethydrazide or other similar hydrazine derivative can be converted 
to a heterocyclic azole compound. So impressed was Stoll6® by the 
similarity between this reaction and the formation of the mono hetero 
five-membered ring compounds that he called the products furodiazoles, 
thiadiazoles, and pyrrodiazoles, depending on the heteso atom intro¬ 
duced. In the last example, a hydroxy-amino system, which is obtained 

Reference 

—> an isoxazole 3,4 


Ri A 

O HO 


« Dehydration with K 2 CO 8 . 

2 . 


-NH 

O O 


« PCl» or couc. HiS04. 


‘ P 2 S„ at 170°. 

3. RC— -C5R 


OH HO 


—> an oxazole 

h 

—*■ a thiazolc 

n 

a furazan 


3,5 

6,7 


« Heat at 200° or Nllj at IfiO to 170° foi 6 hr. 

H 

4. KtO.CC -N 



CHsC N 
O HO 


® Dehydration. ^ .Mcoholic NII4SII. ® NHj. 


-^a 1,2,3-oxadiazole 

h 

—♦a 1,2,3-thia(liazole 

r 

r-+a 1,2,3-triazole 


8 

8 

8 


« P 2 O 5 or ZiiCls. 
niucal ZnCh. 


5. HN-NH -“►a 1,3,4-oxadiazole 9-11 

I I ^ 

—> a 1,3,4-thiadiazolc 10,11 

liC ill r 

O O a 1,3,4-triazole 10 

Better yi(*lds are obtained if the tetracetyl hydrawne i« used. PiSi.. •• j\iTiTno- 

(>. HN-N « 

I II —^ 5-i)henyItetrazolo 12 

Celi.C N 

rln HO 


« Dehydration. 

R H, alkyl or aryl. 

Fig. 3.—Methods for preparing azoles by ring closure of 1,4-diciiol or related systems. 


*Stoll6, her,, 32, 797 (1899). 


References to Fig, 8 

* Gabbikt., Ber ., 4S, 134, 1283 (1910). 

* Robinson, J . Chem . 8oe ., SS, 2167 (1907). 

» Bachstkz, Ber ., 47, 3163 (1914). 

• Wolff, ibid ., tS, 69 (1895); Ann ., S40, 79 (1890). 

7 V. Auwers and Meyer, Ber ., SI, 784 (1888). 

» Wolff, Ann ., SSS, 129 (1902). 

• GOntber. Und ., SSS, 44 (1889). 

ioStoll4, B « r ., Sl^ 797 (1809); J , prakt . CAsm. [2], S8,130 (1903); pELnizzABi, Massa, and Alcia- 
TORB, AUi aeead . Ltneei’ [5], 10,1, 365, 444 (1901). 

Dimrotb and rb Montmollib, Ber ., 48, 2004 (1910). 

» PnmBR, Ann ., SS7, 221 (1897). 
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from the iminohydrazide of benzoic acid, C 6 H 6 C(==NH)NHNH 2 , by 
treatment with nitrous acid, loses water to give a tetrazole. The imino- 
hydrazide^* is obtained from the nitrile by a process that parallels the 
preparation of amidines save for the use of hydrazine in place of ammonia. 


KCN A RC(=-NH)0C2H6 RC(=NH)NHNn2 

« CjH»OH + HCl. > HiNNHa. 


From a-Substituted Ketones. —second general method is to con¬ 
dense an a-substituted ketone or aldehyde with an appropriate reagent 


RCO a lit. N 
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“Condensation with HiNC(==S)R,«« H 2 NC(=S)NH 2 i*.i® H2NC(=:0)K,«” or H 2 NC(~Se)R,»» 
respectively. ClCHaCIlClOCjHs may sometimes be ined m place of ot-chloroacetnldehyde since it 
decomposes readily to that compound. 
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RCO NH* 

1 + QHCH 

H 2 COH NHa 
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Au imidazole 

“ Ammoniacal cupric acetate causes this condensation. The pioduet is obtained 
from which the free base is liberated by HiS.*! 

RCO - N 

i + HO 
HjCSCN 


■IJ. 


as a complex 


R 


A chlorothiazole’'® 

H, alkyl or aryl group. 

Fig. 4.—Preparation of azoles from a-substituted ketones or aldehydes. 


or reagents that will fill in the necessary parts. The most common com¬ 
pounds are a-chloro-, a-amino-, or a-hydroxy-derivatives. The reagents 
with which they condense are thioamides, thiourea, amides, thiocyanates, 
cyanates, and like substances. Examples of this type of formation are 
shown in Fig. 4. In the first group, the chloro- or bromo-ketone con- 
w PiNNicR, Ann., 207, 221 (1897). 


References to Fig. 4 

n Hantzscb, Ann., m, 257 (1888). 

Hubacrza, ilnd., SM, 228 (1890). 
u WoauARN, ibid., M§9, 277 (1890). 

Lkwy, Ber., SO, 2576 (1887). 

HonnAHN. Ann., tlO, 316 (1888). 

» WoBL and MAsciCWAnn, B«r., tS. 568, 1353 (1889); Maucxwalp, ibid., B$, 2354 (1892). 
x^OcBiAi and Ixcma, ibid., 69, 1147 (1986). 

WjBxnsKaAOBR and Hbbbmaitn, ibid., 68 , 1953 (1935). 

Tcrbbriai* /. Chetfi, Sac., 119,1071 (1919). 
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(lenses with a three-atom system, as in thioamides or thiourea, by elimina¬ 
tion of hydrochloric or hydrobromic acijl, the hydrogen for which always 
comes from the bivalent sulfur, oxygen, or selenium atom, by way of a 
preliminary enolization, as indicated below. 

H*NC=S SH 

i A 

Though amides condense as do thioamides in this reaction, urea does not 
condense as does thiourea but yields an imidazolone rather than an 
aminooxazole. 

The second group shows the reaction of a-amino-ketones, -aldehydes, 
or -acetals, with a thiocyanate or cyanate to give a 2-mercaptoimidazole 
or a 2-imidazolone, respectively. Like many other reactions, this one 
takes place in steps, which, at times, can be isolated, as shown below 
in the case of a thiourea derivative.^® 

OH(OEt)2 « HC(OEt)2 |r“^ 

HzijSIHj H2iNH(;(S)NHs ' SH 

H 

« KCNS. •> 140®. 

a-Hydroxy-substituted ketones or aldehydes condense with ammonia 
and formaldehyde under the mild oxidizing influence of ammoniacal 
cupric acetate. The reaction proceeds by way of oxidation of the hydroxy 
ketone to a diketone, which then undergoes a condensation, characteristic 
of all such diketones^^ (see page 449). Synthesis from the a-hydroxy 
ketone is frequently simpler than with diketones because the starting 
material is obtained so readily. 

In the last example of Fig. 4, a ketone, with an a-thiocyano sub¬ 
stituent, undergoes ring closure by treatment with hydrochloric or 
hydrobromic acid. If the acid adds across the CsN group, this process 
would resemble also the 1,4-dienol system mentioned before. The 
halogen atom can be removed subsequently by zinc and acetic acid. 

The necessary a-substituted ketones or aldehydes are obtained by 
conventional methods. For example, a-amino compounds are formed 
by reduction of isonitroso ketones obtained by the action of nitrous acid 
on ketones. The oxime is reduced to the a-amino ketone by stannous 
chloride and hydrochloric acid or by catalytic hydrogen.^® It is not 
always necessary to isolate the amino product from this reduction, before 
addition of the thiocyanate. a-Chloro- or o-bromo ketones are made 
by halogenation of the ketone. o-Hydroxy ketones are derived by 
hydrolysis of the brominated ketone. The thiocyanate compound is 

Mabckwald, J?cr., 26, 2354 (1892). 

Radiziszbwski, ibid., 16, 2706 (1882); 16, 487 (1888). 
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also obtained from the halogenated ketone by reaction with alkaline 
thiocyanate. 

Formation of 1,2,4-triazoles^® from formylhydrazine and formamide 
(see next page) is essentially the same process as that which uses a-amino 


Keagent 

HC 

hIS 


HC 

NCO 

li 


Product from reaction with 

H2C=N=5N C\H 5 N=^N=:?N Reference 


NC 
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r;i 
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ii'7 


EtOaCCH EtOaO 
rIk R 
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H 


O 

o 

() 

CcHsN 
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hfO 


--N 

. A 

\n/ 

H 

—N 


N N 
\n^ 

H 

NO ,,-N 


N 

\n/ 

H 


fi 

\n/ 

C6H5 


H 


EtO^C 

R 


H 


-N 

A 


C.H 5 


OH 



26,27 


^ The ON subBtituent may undergo condensation with a second molecule of reagent to give a bis. 
asole product. 

& Hydrasoic acid adds to give an azidohydroquinone, HOCftHs(Ns)OH. 

« Excess quinone oxidizes the triazole product to a quinone. 

Fia. 5.—Addition of diazo compounds and azides to some triple and double bonds. 


ketones, save for the fact that the amino group is attached to a nitrogen 
instead of a carbon atom. So also may the condensation of formyl- 

Pellizzaki, Oazz, bhim. italy 2i, II, 223 (1894); 39,1, 520 (1909). 

Mv. PZCHMAWN, Bsr., 81, 2950 (1898). 

s^Dimrotb and Fsstxb, ibid., 48, 2219 (1910); Fobbtbb and Nbwman. J, Chem. Soc., 97, 2570 
(1910). 

Pbobmanb and Bubkhasp, 88, 3590 (1901); v. AtrWBBSsnd UbobmXcb, ibid., 48,1205 (1933); 
Hvbd and Lux, JT. Am. Chem. Soc., 87, 2657 (1935); Adausob and KaBBBB, J. Chem. 3oc., 286 (1935). 
PbbatoBob, Oazt . ehim. ital ., 88, 1, 76 (1908). 

’«OiAVBBXt), Makpala, End Passalacqua, ibid., 41, II, 430 (1911); Cubtxus, Dabapsxt, and 
MOlpbb, 3er., 48,1614 (1915). 

« Wox4rr and Qbau, Ann., 894,68 (1912); FiaasB and Pbtbbz, I. Am. Chem* See., 88,4080 (1931); 
Fxxsbb and EAliTVBX.t., ibid., 87,1479 (1935). 
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hydrazine with itself to form an aminotriazole’*'*’ be classed with this 
group. 

HCO .or6 I, N -NNH, 

H 

» Condensation with H 2 NCHO, ^ Condensation with HsNNHCHO. 

By Addition of Azo and Azide Compounds to Unsaturated Systems.— 

A third method, applicable to the preparation of azoles with two or more 
nitrogen atoms, consists of the 1,3-addition^^ which diazo compounds 
(diazomethane, ethyl diazoacetate) or azides (hydrazoic acid, phenyl- 
azide) undergo with triple- or double-bonded systems. Acetylene and 
its derivatives, hydrogen cyanide and cyanogen, are suitable as triple¬ 
bond reagents; olefins in general, but more particularly ethyl crotonate, 
ethyl maleate, and other unsaturated esters or ketones, sei*ve as double¬ 
bond reagents that form dihydro products; and isocyanides act as unsat¬ 
urated systems that form azoles. Many examples are shown in Fig. 5. 
Even the double bond in hydrazones and oximes behaves somewhat 
in the same manner, as illustrated by the preparation of a tetrazolc®® 
below. 


CeHsCH ,, N 

II I ll+CcHoNHa 

CeHsNHN N N 

\]y/ 

CeHfi 

If the addition of diazomethane or hydrazoic acid to the acetylene, 
olefin, nitrile, isonitrile, oxime, and hydrazone systems sets a pattern 
for judging the reaction with all double bonds, these two reagents should 
similarly add to the carbonyl group of aldehydes, ketones, and acid 
chlorides. If such heterocyclic products do occur, they serve only as 
unstable intermediates,®^ for the end results of the processes are open- 
chain compounds. Nevertheless, the reactions can be represented by a 
plan that parallels exactly the formation of heterocyclic' compounds and 
the products obtained therefrom can be correctly predicted. 

Aldehydes,®® ordinary ketones,®^ cyclic ketones,®®^ and acid chlo- 

Hantzcsh and Silbebrad, Ber,f 88, 85 (1900). 

Oliveri-Mandala and Algana, Gazg. chim, ital,, 40, II, 441 (1910). 

Smith, Chem. Rev,, 28, 193 (1938). 

** Dimroth and Merzbacher, Ber,, 40, 2402 (1907). 

a® Arndt, ibid., 60, 1364 (1927v); 61, 1107, U22 (1928); 66, 1012 (1933); Z. angew, 
Ckem,, 40, 1099 (1927); 46, 47 (1933). 

Mbebwbin, Bbrsin, and Burneleit, Ber,, 62, 999 (1929); Mkbrwein and 
Burnelext, 61, 1840 (1928). 

Mosettio and Burger, J. Am, Chem. Boc., 52, 3456 (1930), 
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rides** can be pictured;®^ as forming an unstable dihydrooxadiazole with 
diazomethane. Nitrogen escapes, and a proton, methyl group, alkyl 
group, or chloro atom, respectively, rearranges (see Fig. 6). The process 
appears general, though the decomposition sometimes takes another 
path. If, in the aldehyde reaction, the proton fails to rearrange, the 
oxygen atom then moves and an aldehyde, RCII 2 CHO, or an epoxy, 
1-1 

RCH—CH 2 —O, compound forms. If, in the ketone reaction, the methyl 
group fails to make the expected shift from Cs to C4, the epoxy product. 


IICH 

& 

CHa 


CH 


!(*:: - 


H 

RC-CH^ 

A A 

CHa 

CHad:-CHj 

i d. 


H 

■ RC—c;Hj 


A 


+ Nj 


CH, 

C'H,C— 

!> 


r-cH, 

(CH,),C ■ 


Cl 

RC 


I-CHj 


-CH, 


A A 


-CH 2 


(CH,)4C-(i’H, 


+ N 2 


Cl 

RC-CH2 

d) 

_ 

Fig. 6. —Roaotiou of diazomethane with various compounds that have carbonyl groups. 


Cl 

► RC—CH2 

I 


I-1 

(CH 8 ) 2 C—CH 2 —0 results; and if the intermediate product from the 
acid chloride loses hydrogen chloride instead of nitrogen, as indeed it 
does if the acid chloride is added to diazometbane instead of the diazo¬ 
methane to the acid chloride, the product is a diazoketone. This ketone, 
in the presence of finely divided metals as catalysts, reacts with water, 
alcohol, or ammonia to give an acid, ester, or amide, respectively—the 
well-known Arndt-Eistert reaction.^® 

Clibbbns and Niekenstein, J. Chem, 3oc., 107 , 1491 (1915); Bradley and 
Robinson, ibid,, 1310 (1928); Bradley and Schwarzbnbach, ibid., 2904 (1928); 
Malkin and Nieeenstein, tbid.j 62 , 1507 (1930);'Bradley and Robinson, ibid,, 62 , 
1558 (1930). 

Arndt and Eistebt, Ber., 68 , 193, 200, 208 (1935); se«? also Wai^lis, J. Ora, 
Ckenu, % 443 (1941). 
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Formation of a nitrone^^ from a nitroso compound can l>e pictured*^ in 
the same way. 

RN CR/ 

- 

A parallel set of intermediate dihydrooxatriazoles can be assumed 
to form in the reactions with hydrazoic acid. The processes are illus¬ 
trated in Fig. 7 with an aldehyde'^*'* and a ketone from which the products 


H 

r H 1 

H 

RG 

A 

I - 

1_ 

R(^—Nil 

R 

r R 1 

R 

RC 

lu;- NH 

RC-NII 

A- 

A A 

j 



Fia. 7.—Reactions of an hydrazido with aldehydes and ketones. 


A 




i 


i + Na 

() 


are an amide and an N-substituted amide, respectively. This last 
reaction is known as the Schmidt reaction.^® 

The oxime of a cyclic ketone can be pictured as undergoing a similar 
ring enlargement when treated with hydrazoic acid. In this case, the 
product is not a dihydro compound. Hence it does not lose nitrogen 

« V. Pbchmann, Ber., 28, 860 (1895); 30, 2461, 2872 (1897); 31, 293, 557 (1898); 
Staudinqer and Miescher, Ilelv. Chim, Acta, 2, 554, 581 (1919). 

^^Audreith, Chem. Rev., 16, 175 (1934). 

A different expression for the mechanism of this reaction has been presented by 
Briggs and Lyttleton, J. Chem. Soc., 421 (1943), and Hurd, Gilman, “Organic (/hem- 
istry,’' Vol. I, John Wiley & Sons, Inc., New York, 1938. The steps are as shown 
below. 

R' ^ R' .. R' .. -N* R' 

R—C -h : N=N==N: R—C + N—N"*' sN* RC—N-~N+ ^N-► RC—N+ 

A - A “ A. A_“ 

RC—NR' 

A A 

This proposal makes the Schmidt reaction somewhat similar to the decomposition 
of bromo-amide and of dihydroxamic acid. Sec Hauser, J. Am. Chem. Soc., 61, 618 
(1939). The assumption of a transitory or incipient dihydroheterocyclic ring com*- 
pound as an intermediate in this reaction is not intended to controvert any electronic 
interpretation but is used merely to provide a simple basis for correlation of the 
chemical behavior of diazomethane, hydrazoic acid, and azides toward all double 
bonds. 
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but remains as a stable tetrazole, known in this case as S-azepotetrazoU^ 
pentamethylenetetrazole, or metrazole. 


OHsCH^CHa 

Hoir 


CHjCHjCH, 
('’HiCnJ:-N 


N 


v-/ 


• Reaction with NaNs in HjSO* at 25 to 35®. 


CH 2 CH 2 — 

iHjCHsC- 


-CH, 


4 


-N 

,1 


\k/ 


In spite of the similarity of this process to the preceding examples with 
the carbonyl groups, the course of this reaction may be pictured very 
well by another excellent mechanism.^^ Sulfuric acid is known to cause 
rearrangement of oximes, the product, in the case of the oxime of a cyclic 
ketone, being a cyclic amide. Reaction with hydrazoic acid would 
then form the tetrazole, possibly by addition to the.C=N bond formed 
by enolization. 


(<5iZc= 


=NOH 


- 1—‘ 

J==On 

^ 1— 

(CH,)6 



. 1——1 

m - 

1-^—K 




‘•HaS04. ^HNa. 


Ozone has a structure, 0—similar to that of diazomethane 
and hydrazoic acid and adds to double and triple carbon-carbon bonds. 
By analogy, the product from an olefin should be a dihydro-1,2,3- 
trioxole; this formula was, in fact, proposed by Harries.^® Though 
this structure seems very plausible, it is not currently accepted. 

H 

RC-O 

Ei A 


The gentlest methods of reducing ozonides derived from olefins have so 
far failed to preserve the carbon-carbon bond. The ozonides derived 
from acetylene and diphenylacetylene, however, yield glyoxal (in 81 per 
cent yield)and benzil (in 65 per cent yield); and these ozonides should 
be more stable because they are not dihydrotrioxoles. Staudinger^’^ 
prefers the formula of a highly unstable ^^molozonide,” which rearranges 
to the less unstable isozonide. Although the isozonide formula cannot be 

V. Braun and Hbymons, Ber., 68, 502 (1930). 

♦^-Long, Chem. Rev., 2T, 437 (1910). 

« Harries, Awn., 874,288 (1910). 

Bruner and Wunenburoer, Helv. Chim. Ada, 12, 786 (1928); Jacobs, J. Am. 
Chem. Soc., 08, 2272 (1936); Hurd and Christ, J. Org. Chem., 1, 141 (1936). 

StAudingeb, Ber., 08, 1088 (1926). 
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H 

RC—O 
32^””^!)—O 


O-0 

R(!! (*3H 


regarded as proved unequivocally, it derives support from (a) the simi¬ 
larity between ozonides and peroxides in data for molecular refraction, 
parachor, and ultraviolet absorption; {b) the results of hydration of 
ozonides in which a peroxide is formed; and (c) the synthesis^® (in small 
yield) from acetaldehyde and a 3 per cent ethereal solution of hydrogen 
peroxide. 


CH,CH 

O OH 

0 ^(!)H 

CHjCH 


CH, 

HOCH—O 


ITOOH—O 
CHa 



CHa^—O 


+ 


a dimeric 
product 


« Addition. ^ Dehydration with PiOs. 


Should ozone add, as does diazomethane, a rearrangement of the 
dihydro product to an isozonide would not be unexpected. A chain of 
three atoms of an element in the sixth group of the periodic table should 
produce a molecule of considerable instability—one prone to decompose or 
to rearrange to a more stable form. The association of an atom in the 
fifth with one in the seventh group (nitrogen with chlorine or bromine) 
creates the instability that promotes such well-known rearrangements 
as the Beckmann and Hofmann; and these changes occur at the expense 
of breaking the carbon-carbon bond. 

The reactions described in this section may now be summarized from 
the viewpoint of heterocyclic chemistry. Diazomethane, hydrazoic acid, 
and ozone form comparatively stable heterocyclic ring compounds by 
addition to triple carbon-carbon bonds; and diazomethane and hydrazoic 
#acid form stable heterocyclic compounds by addition to such triple bonds 
as are present in nitriles. These three reagents add also to double bonds, 
but the stabilities of the dihydro five-membered heterocyclic ring products 
are limited. The dihydro product from the reaction of diazomethanc 
with olefins will decompose over hot platinum to cyclopropanes; the 
dihydro product from the reaction of ozone with olefins immediately 
rearranges to the more stable isozonide. The products of the reaction of 
diazomethane and hydrazoic acid with other double bonds, such as a 
carbonyl group, may be regarded as transitory or incipient dihydro hetero¬ 
cyclic five-m||ftibered rings that lose nitrogen spontaneously and undergo a 
simultaneous rearrangement of a group attached to the carbon of the 
carbonyl group. In some of these reactions, special electronic interpre- 

••Bxechb and Meistbh, ibid.^ 6fi, 1274 (1932). 
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tations have been offered which are very suitable for interpreting the 
action. 

Preparation from Hydrazines. —A fourth method for the preparation 
of azoles utilizes the capacity of hydrazine to undergo condensation, 
addition, or substitution at both ends of the molecule. In many instances, 
the final act of ring closure is achieved through a 1,4-dienol system. 
Already a few illustrations of this t 3 rpe have been presented in Fig. 3; 
and a number of other combinations is now illustrated in Fig. 8. The 
first reaction is the well-known method of forming pyrazoles from the 
reaction of 1,3-diketones or dialdehydes with hydrazines. The reaction 
probably proceeds by the intermediate steps shown in brackets, since in 
most cases there is a difference in the velocity of combination at the two 


1, RCCH 2 CR' 
O O 


2. HCsCOH 
(OEt)2 


« rRCCH=CR 


KNH 2 HO 
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HC=CH—OH 

hA- —A 


RC—CH=CR' 

I._Ah 


3. C<iHsN=C^ 


C.H5NHC=S -+ r,H5N=C—S—CCeH. 
hAnHi ht!i -ll 


4. C,H.N=C=S — Cai.NHC-=S - C.HsN =0—S—CII 
HNNHj Hli-N 


5. C6H,c;(0)C1 

6. CW'O + Kali. 


CeH.OO - 
HrifNHj 
H (50 OCH 

nif- tIh 


1—4 



N-N 



k i 

7. RC=NH HC1 RCNH 2 RC—NH—CCeHe 

(!»Et AnHj It -Ir 

<* Hoat at 40 to 50® effects the condensation.^* ^ Addition of the hydrazine across the triple bond 
occurs, followed by elimination of 2 molecules of alcohol.*® «Addition reaction. ^ Reaction with 
benzaldehyde forms a benzal derivative which then forms the thiadiazole nng under the influence of 
hot formic aoid.*i • Addition reaction. / Hot formic acid gives the formyl derivative which then 
undergoes ring closure.*^ « Benzoyl chloride forms the hydrazide. ^ Benzaldehyde yields the benzal 
derivative of the hydrazide after which potassium ferricyanide induces ring closure.^® * Phosgene forms 
the diformyl derivative, f Bensene diazonium chloride displaces one formyl group and forms the 
compound HC(0)HHN=N—NHCeHs which undergoes ring closure to give the tetrazol.»i * The 
imino ethef condenses with hydrazine in the presence of KOH.** ' C«H»C(0)C1 followed by heat.** 
Pig. 8.—Use of hydrasine in the preparation of azoles„ 


«®v. A-owsiui and DiBTBtca, /. prakt, Chem^, X$9, 65 (1934); MtmM and BaaosiiL^ Ber,, 43,8040 
(1912). 

*® CLAiasa, i5id., 84, 3666 (1903). 

** PxpATKit^ACBsa, ibid,, 87, 613 (1894). 
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carbonyl groups. The second example is an addition-condensation 
process between hydrazine and propargyldiethylacetal, which leads to a 
pyrazole. This type of reaction, when carried out between a vinyl 
ketone and phenylhydrazine, gives a dihydropyrazole.®^ 

In the third example, the phenylthiosemicarbazide intermediate 
condenses with benzaldehyde; and the benzal derivative, in hot formic, 
acid, forms a phenyliminothiadiazolone. Since alkyl and aryl isothio¬ 
cyanates form thiosemicarbazides readily with hydrazine, the substitu¬ 
ents in the imido group of the thiodiazolone can vary widely; and since 
other aldehydes such as salicyl, cinnamyl, and m-nitrobenzaldehyde can 
be used in place of benzaldehyde, the aryl substituent at C 2 can vary also. 
In example 4, phenylthiosemicarbazide itself undergoes ring closure, when 
heated with formic acid (formylation occurs) until dissolved. Similarly, 
acetyl chloride and benzoyl chloride will introduce the acetyl or benzoyl 
radical in place of the formyl and cause ring closure. 

In the fifth example, a hydrazidc is converted to a benzal-derivative, 
which, by mild oxidation, undergoes the customary ring closure to give 
a 1,3,4-oxadiazole. In the sixth example, a formyl group is extruded from 
the hydrazine by the action of an aryldiazonium chloride in dilute sodium 
hydroxide solution. Ring closure then produces an N-ary 1-substituted 
tetrazone. The reaction takes place with phenyl, p-tolyl-, and p-nitro- 
phenyl-diazonium chlorides. Diacetyl- can be used in place of diformyl- 
hydrazine. Extrusion of an acetyl group by reaction of an aryldiazonium 
chloride has been observed before in the Japp-Klingemann synthesis of 
indoles. The diformyl or diacetyl hydrazine is not, of course, a pre¬ 
requisite for preparing the tetrazole compound, since that product can 
be produced from the monohydrazide. 

In the seventh example, an imino ether, prepared as described for the 
reactions in Fig. 3, reacts with hydrazine; and the monohydrazine product, 
with benzoyl chloride, forms a benzoyl derivative and, thence, gives a 
triazole. Hot acetic anhydride, instead of benzoyl chloride, produces a 
triazole also. The reaction with the iminoether hydrochloride may also 
be repeated on the other end of the hydrazide, i.e., on the monohydrazi- 
dine, with formation of a dihydrazidine, H 2 NC(R)=N—N=C(R)NH 2 , 
which then loses ammonia and forms a triazole. A reaction of the same 
monohydrazidine intermediate with nitrous acid to form a tetrazole 
has been given in Fig. 3,.example 6. 

These preparations can, in general, be repeated with phenylhydrazine. 
For example, the acetyl derivative of ethyl acetoacetate gives, after 
alkaline hydrolysis of the initial product, l-phenyl-3,6-dimethylpyra- 
zole-4-carboxylic acid.®’ 

*• Wantz, /. Am» Chem, Soc,, 57, 205 (1035). 

Knorr, ibid., 20, 1096 (1887). 
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COaEt a OO 2 H 

CHbCCHCCH, CH,C—C==CCH, 

0 0 II I 

N-NCeHfi 

« CeHiNHNHs, aloohoUc KOH. 

In addition to the processes listed in Fig. 8, there are a number of 
other condensations that may be classified as the work of hydrazine 
derivatives or of open-chain compounds that contain two adjacent 
nitrogen atoms. For example, the reduction of nitroguanidine gives 
guanylhydrazine.®^ Nitrous acid then forms an aminotetrazole. 


HN=CNH2 

AhNOj 


HN=CNHs 

lIlHNHs 


H 2 NC—NH—N 

I,_i, 


The guanylhydrazine will condense with benzaldehyde, and the benzal 
derivative is convertible to 2,5-diphenyltetrazole®® by successive treat¬ 
ments with phenyldiazonium chloride and concentrated nitric acid. 


HN=CNH2 — HN=CNH2 CbHsN—N^CCoHb 

iIhnHj iIhn=chc,H 5 -:i!r 

.C.H.CHO. ‘C.H 4 N.CI lorma HN=C(NH.)NHN=C(C.H.)N=NC.H., HNOi eliminate, the 
HN==C(NHa) portion while closing the ring. 

Benzhydrazide forms a dibenzoylosazone with glyoxal; and this 
compound by mild oxidation and hydrolysis gives a 2-benzoylamino- 
tetrazole.®® 


HC~CH HC—CH=N 

C,H5C(0)HNJi ]|nHC( 0)C,H6 ll-l!lNHC(0)C.Hj 

Azo systems can be used in these preparations also. Ethyl aceto- 
acetate and p-ethoxydiazonium chloride in alkaline solution form ethyl 
di-p-ethoxyphenyl-formazylformate with extrusion of the acetyl group 
(compare pages 102 and 374). Amyl nitrite and hydrochloric acid convert 


C(0)CH, 

djHa 

ioaEt 


NNHCBH4OC2H5 


EtO^C 


N—NC 6 H 4 OH 


-O 2 CC 


N=NC4H40C2H5 


/ 

'V 


N=NC 6 H 40 H 


A Reaction with two molecules of ]>>ethoxydiazonium chloride. ^ CbHuONO + HCl, fuming HCl 
at 140 to 14600. 


this compound at 0° to the carbethoxy tetrazolium salt and at room tem¬ 
perature to the carboxytetrazolium salt. Hot fuming hydrochloric acid 

Thiblb, Ann., 870,1 (1892); 887,233 (1895); cf. Lieber and Smith, Chem, Rev.^ 
88 , 213 (1939). 

w Wedekind, Ber., 30, 449 (i897). 

**y. Pechmann and Bauer, ibid ,^ 48, 667 (1909); Stoll4, ibid ., 42, 1047 (1009); 
Dxmeoth, Ann., 388, 90 (1904). 
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eliminates the two ether groups and gives the dipolar product. Perman¬ 
ganate oxidation of this last compound gives the unsubstituted tetrazole.^^ 
Preparation by Oxidation of Condensed Systems. —Oxidation of 
condensed azole compounds by permanganate usually results in breaking 
the aromatic ring. The product is a dicarboxyJic acid of the azole 
compound. A few systems that have been cleaved in this manner are 
shown below. 



Isoxazoles from Nitro Compounds. —Nitro groups activate adjacent 
methylene groups, undergo hydrolysis, act as oxidizing agents, and suffer 
reduction. It is not surprising, therefore, that nitro compounds with 
or without aldehydes form isoxazoles readily. For example, phenyl- 
nitromethane with benzaldehyde forms triphenylisoxazole.®^ Since 
aldehydes condense readily with active methylene groups, this process 
may begin with the formation of C6H6C(N02)==CHC6H6. Another 
molecule of phenylnitromethane adds to the olefin bond, and the dinitro 
product is then assumed to undergo an intramolecular oxidation and 
reduction with hydrolytic elimination of nitrous acid, enolization, and 
ring closure. 

CeHs CeHa 

CeHsCHCHCHCeHs CeH,C—C^CC,Ui 

iiOj Aoj il- h 

The first steps In this series are very similar to the combination of alde¬ 
hyde, active hydrogen, and enolizable ketone which is present in the 
Hantzsch synthesis of dihydro pyridines (see page 187). If the similarity 
is maintained, an unstable oxadiazine, shown below, would form by loss 
of water and then decompose to the stable azole by loss of nitrous acid. 



V. Pechmann and Wedekind, Ber., 28, 1688 (1895). 
b^Bambebgee and Beble, Ann,, 273, 311. 338 (1893); Bubian, Ber., 37 , 701 
(1904). 

” Bladin, ibid,, 26 , 545, 2737 (1893). 

Mabckwald and Meteb, ibid., 33 , 1885 (1900). 

^^Kohleb, */. Am, Chem. Soc,, 46 , 1733 (1924); Meisenheimeb, Ann,, 446 , 205 
(1926); 496 , 247 (1982). 
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Some nitro compounds condense with themselves, by elimination pf 
water, nitric acid, and hydroxyl amine, and form an isoxazole.®^ Nitro- 
ethane and primary nitropropane undergo such a reaction, but nitro- 
methane and secondary nitropropane do not. The mechanism of the 
process is unknown, but a plausible beginning®® would be the addition 
of one active methylene group across the aci form of two nitroalkanes. 
The remaining steps could be loss of 2 molecules of water to give a dini- 
troso compound, enolization to a dioxime, removal of the tertiary NO 2 
group by hydrolysis to nitric acid, hydrolysis of one oxime to give 
hydroxylamine, enolization, and ring closure. 


R 

HaCNOi 

RCH HCR 

OH HO 
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/CNO 2 

RCH IICR 

o<^i!jh hA=?o 

OH HO 
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Isoxazole derivatives are also formed by nitration of the acetyl 
derivative of diethyl succinate.®^ This process likewise appears to 
involve loss of water from cnol forms. 


RCHC(0)CH8 a rRCHC(0)CH8l Rr =jCH8 
r(!)Hs LRinNOj 

R -■ —COsCaHs. 

« Fuming HNOs at 15 to 20®, 

PREPARATION OF AZOLONES 

Theoretically, any process capable of producing an azole will produce 
an azolone, if an acid or ester is used in place of the aldehyde or keto 
group. A diversified collection of illustrations is shown in Fig. 9. The 
well-known condensations that occur in the first example are an exact 
coimterpart of those with 1,3-dialdehydes or ketones shown in Fig. 8. 
The combination of addition and condensation that hydrazine undergoes 
with acrylic acid in example 2 parallels the reaction with the propargyl- 
diethylacetal in Fig. 8. The reaction of the diketene and the hydrazine in 
example 3 is of the same general type although lacking in the hydroxyl 
group. The thiocyanate in example 4 is obtained from the reaction of 
an alkali thiocyanate with an a-chloro-ester and recalls the a-chloro- 
ketones and aldehydes employed as reagents in the reactions described 
in Fig. 4. Addition of hydrochloric acid, hydrogen sulfide, or water 
leads to a 2-chloro-, mercapto-, or hydroxy-4-thiazolone, respectively. 

•• Dunstan and Goulding, J. Chem, Soc,j 77, 1262 (1900); Ssokoi>ow, J, Russ. 
Phys. Chem. Soc., 18, 282 (1886). 

Lippincott, J. Am. Chem. Soc.f 68, 2604 (1940). 

•♦ScHMtDT and IJ^idmann, Ber., 1879 (1909). 
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The reaction of the a-chloro este^* with ammonium dithiocarbamide in 
example 6 also appears very similar to those shown in Fig. 4. The 
addition of phenylazide to the ester in example 6, on the other hand, has 
no resemblance to the changes such as are in Fig. 5, unless an enolization 
of the ester, ordinarily not observed, takes place during the reaction. 


1. EtOCCHaCCH,-^ OCCHaCCHa 

" ° i-J! 

2. CH2=-CHC0H 4 OCCU 2 CB, 


O 


HN-NH 


3. CH2=C;CH2C0 CHaCCHaCO 

I--<!) Hfi- IjR 


4. OCCHjSCN 

<l)Et 

5. OCCHsa 

(!)Et 


■ oorHjS 


• OCCHsS 


Hiir- 




IS 


occniCCB, 




2(l„ 

—1.^1 


SH 




-ii 


OH 


6. OCCH 2 R rHOC=CR“| OCC(R)N 

(^Et L <!>Kt I) 

“H2N0HM or HjNNHCeH,.** respectively. » H2NNH2 «RrrCJcHiSOaH. Reaction with 
H2NNHC6H4SO3H.M dHCn, lliS, or H2O, rc8pectively.«» • NH2C(K)8NH4.»» / C6HsN=N~N.'o 

R=CH 3 or better C 02 Et. 

Fig. 9.— Some prooobseb for preparing azolone8. 


Condensations sometimes give novel products. For example, the 
reaction of disubstituted malonic esters with hydrazine gives the expected 
diketopyrazole system; but if the ethyl malonate is monosubstituted only, 
the product is a bicyclic compound, a 2,6-dialkyltetrakctopyrazo[l,2-a]“ 
pyrazole."^^ Benzil, subjected to the action of urea in the presence of 
potassium hydroxide, undergoes the familiar rearrangement to benzilit* 


OCOEt 

R^H + HjNNIIj 
Ocl^OEt 


OC— 

r(!:h 

oi- 


-N' 


—CO 

h(!;r 

•A—d’o 


References to Fig. 9 


M HAMTZSca. ibid,, 14, 405 (1891). 

••KaORR, Ann,, 117, 137 (1887); Ser„ 11, 2507 (1883); 17, 549 (1884); 18, 311 (1885). 

« V. Rothbnbrro. J, prakt. Chem, [2], 81, 16 (1895). 

•sBobsk, Jr., Ind, Eng, Chem., 11, 16 (1940). 

^ Miolati, Ann., 161, 61 (1891); Akdrbabcb and Zip8XR» Monat$h., 14,499 (1903); 18,159 (1904). 
Dimrotr. Ber„ 18, 1029, 4041 (1902); Ann., 118, 1 (1904); 188, 143 (1905). 

Conrad and Zabt, Ber., 39, 2282 (1906); Dox, J. Am. Chem, Soc,, 54, 3674 
(1932), 
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acidj which, with urea, forma diphenylhydantoin.^^ Addition of hydra- 
zoic acid to phenylisothiocyanate gives l-phenyl-5-mercaptotetrazole^® 


PhCO 

Phc^O 

« KOH + HsNC( 0 )NH 2 . 


- OCOH- 

-Ph2COH- 


H 


oc;~-N 




\ 

c 

/ 

H 


CO 


rather than the tautomeric thiazolone. The compound is acidic enough 
to be titrated by alkalies with phenolphthalein as an indicator. 


C6H6NCS + Nir-N=-NH -—CSH 


N=N—N 


Although it is necessary" to use an acid or ester to produce an azolone, 
it does not follow that acids will invariably give azolones. For example^ 


Table 1.—Oxazoles Obtained from Amino Acids 


Acid 

OxazoJe 

i 

B.p., °C. 

i 

M.p. 

Chloro- 

aurate, 

°C. 

of 

Pic- 

rate, 

°C. 

Glvcino . 

2,5-Dimethyl- 

117° 

152° 

124° 

d,Z-Alaminc. 

2,4,5-Trimethyl- 

134 

1 93 

115 

d,/-Valine. 

2,5-Dimethyl-4-isopropyl- 

150 

1 Oil 

122 

/-Ijpurino. 

2,5-Dimcthyl-4-isol)utyl- 

180 

Oil 

92 - 

d,/-Phenylalanine. 

2,5-Dimethyl-4-bpJlzyl- 

267 • 



/-Tyrosine. 

2,5-Dimethyl-4-p-hydroxy- 

161 

103-4 

! Oil 


benzyl-® 




d-Glutamic. 

2,5-l)impthyl-4-propionic 





acid-^ 

130°/12mm.« 


IIS*^ 


" An alternativ'e name is p-by<lroxyphenyl(2,5-dimcthyloxaaolyl-4)-mcthane. 
^ An alternative name is /S-(2,5-dimethyloxa*olyl-4)-propionic acid. 

« Methyl ester. 


if an a-amino acid is heated with acetic anhydride and sodium acetate 
and the acetylated product is treated wdth phosphorus pentachloride, the 
product is an oxazole,^^ not an oxazolone. In this instance, a second 

Biltz and Rimpel, Rer., 41, 1384 (1908). 

’®StoliJ and Stbittmatter, J. prakt Chem, [2], 138, 60 (1934); Fbettnd and 
Hempel, Ber,, 88, 74 (1895). 

Wkbde and Feuerriegbl, Z, physiol Chem.j 818, 129 (1933). 
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acetylation is superimposed on the first. Ring closure to an oxazole 
then follows. Approximately 1 g. of oxazole is obtained per 5 g. of 

R R 

NHCHCO H . NCHCOsH 4 ^ 

CH,(*'0 CHi!oC(0)C;H, CH, J CH, 

« Second acetylation. ^ PCU effects ring closure by dehydration and also causes decarboxylation. 

amino acid used. A large number of amino acids have been converted 
to oxazoles by this method (see Table 1). Pri^tein, similarly treated, 
yields the same oxazole as is obtained from lysine. 1-Aspartic acid, 
cystine, and tryptophan do not undergo this change. 

If the second acetyl group had not been introduced into the amino 
acid, the condensation would probably have taken the normal course. 
Kthyl hippurate, for example, forms 2-phenyl-5-ethoxyoxazole.^® 

NH-C;H 2 « N— 1 
CJIjio iosEt CeHj 

o PCli on a water bath. 

PREPARATION OF BENZAZOLES 

Methods of synthesis of benzazoles may be divided into four general 
classes: the first and most common one from o-substituted anilines, a 
second from ortho-free anilines, a third from o-halogen substituted ben¬ 
zene compounds by elimination of hydrogen halide, and a fourth from 
o-nitro aromatic compounds. This classification does not cover every 
instance known of benzazole formation, but it illustrates the more com¬ 
mon ones and gives a picture of the great tendency toward ring formation. 

From o-Substituted Anilines. —Examples of this first class are 
shown in Fig. 10. The majority of these condensations, if not all, 
proceed through intermediate steps. For example, formic acid, heated 
with o-aminophenol, gives 2-formaminophenol, and this compound, 
when heated further, loses water in the manner familiar for 3,4 dienol 
compounds. 

pOH.pOH .p/O 

|\ NH 2 |\ NHCHO 

»HCOaH. » Heat. 

Similarly an or^/ioaminophenol and cyanogen bromide in the presence 
of alkali form a phenylurea. Stronger alkali then causes ring closure.^® 

« Wbede, ibid., 206, 146 (1932). 

Kareer and GhXnacher, Helv, Chim, Acto, 7, 763 (1924). 

Babiberqer, Ber.y 36, 2052 (1903). 
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SuBSTrruENT Attached to the 2-position in the 



♦Benzoxazole 

Benzothiazole 

Benzimidazole 

Bcnzazole 


from 

from 

from 

from 

Reagent j 

pOH 

PSH 

Knh, 

r\ ch, 


l\ NH 2 

I\nH2 

INNHa 

I\nH2 

i 2 3 





0 

R— 

• 




K78 

I^TS.a 

R«o 

(Heterocyclic 

\ 




compounds 

Cl 




are obtained 

SCHs 




with some 

/ 




of these re- 

RN=C 

^NH, 

OKt 

R-(/ 4 

NHR« 

NHB82 


agents, but 
the products 
have only 
one hetero 
atom.) 

R82 

R82 


H 

n-c/ - 


R»* 

RBS.rf 

R84.« 







0 





r~.C=N~> . 

N^C—Br 

R« 

NHa” 

R82 

NH2«^ 


OH 

(A benzothia- 
diazole)** 

(An indazole)*® 


(A benzotri- 
azole)®^ 

S=rC-=S 


SH8» 





1. Atom or group that becomes the substituent at the 2-position. 

2. Atom that iiecomes pait of the ring at the 2-po8ition. 

3. Components that participate in the reaction. 

« The sine salt of the thio compound is used with advantage in this condensation. The anhydride, 
acid, or nittile and hydrochloric acid may be used also in this reaction. 

^ The reagent is the methyl ether obtained from the reaction of methyl sulfate with a substituted 
isothiourca, such as that fiom thiocarbanUide or other similar compound. 

« The reagent is an imino ether, prepared from the reaction of a nitrile with an anhydrous alcohol 
in the presence of hydrochloric acid or fiom the silver salt of an amide with an alkyl iodide. 

^ A thiasoline should be the primary product of the condensation with aldehydes. Aerial Oxidation 
occurs too rapidly to permit isolation of such an intermediate. In the case of 2-amino-4-chlorothio- 
Iihonol, however, such intermediates are stable enough to be isolated as crystalline compounds. Mild 
oxidation by potassium ferricyanide converts them to bensothiasoles. 

« Ammoniacal cupric acetate is used as an oxidising agent. 

Fig. 10.—Synthesis of bengaaoles from o-substituted anilines. 


LanaNBUBGi, Ber„ 9, 1624 (1876). 

n Hofmann, ibid., 19, 2369 (1879); Booebt and Snell, /. Am. Ch^m. Soc., 4$, 1308 (1924). 

*0 Phillips, /. Chem. Soe., 172, 2393 (1928); Wundt, B«r., 11, $26 (1878); Dainb, ibid., 88, 2496 
(1902); Qbabsi-Cbbibtoldi and Eoubabdi, Oati. ehim. iud., 16, 1, 224 (1806). 

Deck and Dainb, J, Am. Chem. Soe,, 66, 4986 (1933). " . 

w Wheeler, Am. Chem. 17, 397 (1895); Hofmann, Ber,, 16, 1228 (1880); 10, 2661 (1887). 

M Hofmann, ibid., 16, 1223 (1880); Bogebt and Naimanb, J. Am. Chem, Soc., 67, 1529 (1965); 





AZOLES, AZOLONES, AND RELATED SYSTEMS 


383 


The formation of this intermediate is typical, 


INNH, |\nhC( 0)NH, |\\ y 


NH, 


/ 

N 

Large R ■■ C«H*A» 0 (OH) 2 , The arsenic acid radical is para to the oxygon atom in the heterocyclic 
product. 

« Cyanogen bromide and aqueous sodium hydroxide. ^ A 20 per cent sodium hydroxide solution. 


in part of the general behavior of amines with cyanogen bromide in that 
metathesis first occurs with formation of a cyanamide, not isolated. 
In the synthesis of the oxazole, water adds to this cyanamide and forms 

RNH 2 -f CNBr KNHCN + HBr 


the phenylurea (also called the carbamide) product mentioned above; 
in the reaction with other amines, a molecule of the amine adds and forms 
a guanidine derivative. 

RNHCN + RNHa-HBr (RNH) 2 C==NH.HBr 


The necessary intermediates for these preparations are made by well- 
recognized reactions. o-Aminophenol is derived from o-nitrophenol. 
o-Aminothiophenol is readily obtained by the reaction of o-nitrochloro- 
benzene with sodium disulfide, followed by reduction of the disulfide 
with zinc dust and acetic acid. The zinc mercaptide can be used directly 
in the reactions with benzoyl and other chlorides, or can be recov¬ 
ered as the mercaptan after treating with hydrogen sulfide or strong 
hydrochloric acid.’® o-Phenylenediamine is obtained by reduction of 
o-nitroaniline. 

Formation of some indazoles may be included in this class. Isatin, 
for example, undergoes ring opening, and then a reduction and condensa¬ 
tion, with formation of an indazole-3-carboxylic acid,®^ somewhat after 
the manner of the better known Pfitzinger synthesis (page 273). 


D —1® “ [ 

•y C(0)C0,H 6 r 

H 

\ NNOSOtH 1 


R 


--jl C^02H 

N 
H 


The isatin is dissolved in dilute sodium hydroxide and treated with sodium nitrite and then with 
cold dilute sulfuric acid. The o-diazophenylglyoxylic acid is stable only in cold dilute acid solution. 
& SO 3 + SnCla. The intermediate hydrasine probably forms. 


Lankslma and Sbarkofv, ibid., 58, 2654 (1033). 

Wezdenbaoek and Weeden, ibid,, 71, 2347 (1938). 

Sticxinqs, J. Chem. Soc., 3131 (1928); Pxerron, Ann. ehim, [ 8 ], 15» 191 (1908); Noei/tino, B«r., 
87, 2556 (1904). 

BB Jacobson, ibid., 81, 3104 (1888). 

Labenbubo, ibid., 9, 219 (1876). 

BB Babclat, Campbell, and Dodps, J. Chem , 8 oe „ 113 (1941); Jacobson and Huseb, Ber., 41, 
660 (1908). 

» DOnner, ibid., 9, 465 (1876). 

Hofmann, ibid., SO, 1788 (1887). 

« 6hai>, Ber., 26, 216 (1893). 
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N-Methyl-2-aminoacetophenone, treated with nitrous acid followed 
by reduction, gives 3-methylmdazole.®^ 2-Hydrazinocinnamic acid 
easily loses acetic acid and changes to indazole.®® 


Pv C{0)CH, . r 

N C(0)CH, * 

K ■'k 

I 

l\ NHCH, 1 

\ NNO 


CHs 


R-2 


OHs 


^ Zn dust + HOAc. 


R CH=CHC02H 
NHNH2 



CH3C02H 


There are some preparations, as indicated below, which are observed 
only with compounds that contain two amino groups, ortho to each other. 


i\\n/ I\nh* 

H 


® Reaction with SOa**^ A similar reaction with ScOa gives the selenium analogue. ^ Reaction with 
+NaC«H4SOa”. The nonhoterocyclic product of this leaction is HaNCeHiSOaH.** 


Similarly, an ortho dioxime,when steam distilled from dilute alkali 
solution, gives a benzofurazan. The necessary dioxime can be prepared 
by the following sequence of reactions: 

D « D 

l \ NOj ^ l \ NO 

« HNOa followed by quick heating on a water bath. This process depends on the formation of, a 
phonylaside, NOsCeHiNa, that melts at 53° b\it decomposes above 70°, 

^ Reduction of the dinitroso compound to the dioxime followed by treatment with hot alkali. The 
reducing agent is hydroxyl amine and alkali (compare Wolff-Kizhner reduction). Stronger reducing 
agents such as stannous chloride, ammonium sulfide, or zinc dust, form ortAophenylene diamine. 

From Anilines or Other Compounds with a Free Ortho Position. —In 

condensations of this type, the reagent must supply the two atoms neces¬ 
sary to complete the heterocyclic ring. Among these processes are the 
well-known preparation of captex and dehydrothiotoluidine from aniline 
and from p-toluidine by use of sulfur and carbon disulfide or of sulfur, 
respectively. An intermediate thiophenol probably forms. 

*2 Fischrb and Tafel, Ann., 227, 336 (1885). 

Fischer and Kxjzel, 221, 280 (1883). 

Hinsberg’, Ber., 22 , 862, 2896 (1889). 

Griess, 15, 2195 (1882). 

, ZiNCKE, /. 'prdkU Chem. (2], 53, 340 (1896); Zincke and Schwarz, Ann., 807, 
28 (1898). 
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SH 


2(P) 


Methylaniline boiled with sulfur similarly forms a benzothiazole.®^ 

When p-toluidine (and also p-chloro, nitro-, acetyl- or other sub¬ 
stituted aniline) is treated with sodium thiocyanate in acetic acid with 
bromine, substitution (thiocyanation) takes place in the ortho position. 
Alkali then doses the ring.®® When the toluidine is treated with the 
thiocyanate in concentrated sulfuric acid, condensation occurs. Ring 
closure of the tolylthiourea is then accomplished by bromine or thionyl 
chloride.®® The same 2-aminobenzothiazole results in either case. 



« NaSCN + HOAc + Brs,. NaOH. ^ NaSCN + H2SO4. SOCl* or Bra. 


p-Phenetidine and copper thiocyanate also give 2-aminobenzothia- 
zole,^®® presumably by way of thiocyanation. 

Condensations such as occur in the sulfur fusion of anilides or the 
oxidation by potassium ferricyanide of thioanilides fall within this class. 
Benzothiazoles are formed. Phenylisothiocyanate adds alcohol, and 
the product by oxidation forms a 2-ethoxybenzothiazole. 

From Appropriately o-Substituted Bromo- or Chloro-benzenes, —The 
conventional elimination of hydrobromic or hydrochloric acid under the 
influence of alkali can be employed for syntheses of some benzazoles.^®*^ 
Preparation of an indazole and a 1,2-benzisoxazole, depending on the 
group adjacent to the halogen, is shown below. 


P_JCH=NNHO.H. p 
^ lC(B)=NOH 


or 



R 


Mohlau and Klopper, Ber,, 21, 3164 (1898). 

•* Hunter, /. Chem, Soc,, 127, 2023 (1926); Brewster and Dainb, J* Am, Chem, 
Soc., 58, 1364 (1936). 

Aulen and van Allan, Org. Syntheses, 22, 16 (1942). 

Kaufman and Kuckler, jBcr., 67, 944 (1934). 

Cathcart and Meyer, ibid., 25, 3291 (1892); Meyer, ibid,, 28, 1250 (1893). 
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From o-Nitro Aromatic Compounds. —Reduction of an appropriate 
ortho nitro compound often leads directly to a benzazole. o-Nitro- 
benzaldehydes or o-nitrophenyl ketones give anthranils^®^ by such a 
method; o-nitrobenzylmercaptan yields 2,l-benzisothiazole.^°* 


« Sn + HCl. 



R 


n 

C 



/ \ 



0 

or 

K ^ 

\ / 


lN\l/ 

N 


N 


The bridge formula is used in this case in place of the alternative o-quinoid structure. 


PHYSICAL PROPERTIES AND THE STRUCTURE OF THE AZOLES 

Solubility in Water. —In general, the physical properties of the azoles 
reflect the result of combining the ammono aldehyde system of pyridine 
with the ether, thio ether, and imide systems present in furan, thiophene, 
and pyrrole, respectively. The effect of the former is greater than that 
of the latter. For example, pyridine is soluble in water in all proportions; 
the other monoheterocyclic compounds are slightly soluble; the corre¬ 
sponding azoles, even some of the methyl homologues, dissolve appre¬ 
ciably in water, some in all proportions. There are, of course, variations 
among the different classes of azoles. Isoxazoles as a rule are less soluble 
than the corresponding oxazoles. Isoxazole^®^ itself is soluble in six 
volumes of water and 3-methyl-,^°^ 5-methyl®-,3,5-dimethyl,^‘^^ and 3,4,5- 
trimethylisoxazoles®^ are difficultly soluble in water. 2,4-l)imethyP°® 
and 2,5-dimethyloxazole^ are, on the other hand, easily soluble in water. 
This difference between the two series of isomers reflects the difference 
in solubility that exists between oximes and amides (oxazoles may be 
regarded as a tautomeric form of cyclic amides) in that the former are 
less soluble than are the latter. 

Similarly, the solubility of the thiazoles in water may be compared 
with that of the pyridines. Pyridine and the three picolines are miscible 
in all proportions in water; thiazole^®^ is very hygroscopic, and 
2-methyP^ and 4-methyl-thiazole^®® are miscible in all proportions. 

FkiedlXndbb and 'Hbnrique, Ber,j 16, 2105 (1882); Fribdlander and 
ScHREiBER, ibid ., 28, 1382 (1895); Heller, ibid ., 86, 2766, 4178 (1903); Bamberger, 
ibid ., 48, 537 (1915). 

Gabriel and Posner, ibid ., 28, 1027 (1895); Gabriel and Stelzner, ibid ., 29, 
162 (1896); Bamberger, ibid ., 42, 1667 (1909). 

Claisen, im ., 38, 3665 (1903); 42, 65 (1909). 

i®*Dun8Tan and Dymond, J. Chem. Soc., 69, 411 (1891). 

SCHUFTEN, Ber., 28, 3071 (1895). 

107 Popp, Ann., 260, 275 (1888); Willstatter and Wirth, Ber., 42, 1908 (1909). 

ArapU>bb, Ann., 249, 24 (1888). 
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The 2,4-,^°® 2,6-“° 2,6-,“^ and 3,5-dimethylpyridines“2 are more soluble 
in cold than in warm water. In the case of 2,6-lutidine,“° the lower 
critical solution temperature is 45®; the upper is 163.5®. Similarly, 
2,4-dimethyl-,“ 2,5-dimethyl-,^ 2,4,5-trimethyl-,2-methy 1-4-ethyl-, 
and 4-methyl-2-ethyl-^^ thiazole are more soluble in cold than in warm 
water. 2,4-Dimethylthiazole“ is miscible in all proportions in ice water 
but separates into two layers when warmed. This peculiarity of a closed 
solubility curve is not limited to compounds that contain the C=N func¬ 
tion, for piperidineacts similarly. 

The benz compounds are, in general, less soluble in water than the 
monocyclic compounds, but benzimidazole is easily soluble and indazole 
(benzopyrazole) crystallizes from hot water. All are, however, soluble in 
cold strong mineral acids (HCl) from which they may often be recovered, 
merely by dilution, since the basicity of many of these compounds is 
usually so slight that hydrolysis occurs easily. Oxazoles may be decom¬ 
posed (the ring opened) by such treatment. 

Phenyl-substituted monocyclic azoles are in general somewhat similar 
to the benzazoles. They usually dissolve in cold concentrated mineral 
acid and precipitate when the solution is diluted. 

Azoles with an imide hydrogen are apt to be soluble in water or 
alcohol. ^ If this hydrogen atom is substituted by an alkyl or phenyl 
group, the compounds become sparingly soluble in water. The solubility 
of these compounds in an organic solvent such as benzene follows the 
converse rule of slight solubility for N-unsubstituted azoles, and high 
solubility for N-substituted compoimds. 

Odors. —The odors of the isoxazoles,^°^ the oxazoles, and thiazoles“ 
are frequently similar to those of the corresponding compounds in the 
pyridine series. This similarity extends to the benz series. Benzo- 
thiazole and benzoisothiazole have the odor of quinoline, benzoseleno- 
diazole®^ resembles quinoxalin,“^ and benzothiadiazole®^ has an intensive 
odor. 



Benzosolenasole Quinoxalin 


The phenyl and benz substituents are noteworthy, however, for their 
wide variety of, and occasionally, very pleasant odors. Some of'these 

Hantzsch, Bcr., 17, 2908 (1884). 

“0 Flaschner, J, Chem, Soc., 95, 668 (1909). 

Erbbra, Ber.y 84, 369 (1901). 
iw DtJRKOPF and GOttsch, 83, 111 (1890). 

Roublefp, Ann., 869, 253 (1890). 

Michaeus, ibid,, 874, 262 (1893). 
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Table II.—Oooss op Some Azole Compounds 


Compound 


5>n>Amylisoxazole. 

S-n-Hexylisoxazole. 

3.4.6- Trimethyli80xaaolc. 

3- Phenyli80xaaole. 

4*Phenyithiazole. 

5-Phenylthia£ole. 

2-Beiizylthiazole. 

4- Methyl-2-phenylthiazole_ 

4- Methyl-2-phenyl8eleniazole.. 
4,5-Di methyl-2-phenylox‘azole. 

5- Methyl-2-phenylthiazole.... 

2-Methyl-5-phenylthiazolo- 

2.4- Dimethyl-5-phenylthiazole 

2.5- Dim€!thyl-5-phc*nyl thiazoU* 

2- M€thyl-5-i)-tolylihiazolc.... 

Anthranil. 

Thioanthraiiil. 

Benzoxazuie. 

Chloroanthranil. 

2<(^hlorol)enzotkiazol(>. 

3- Methylantbraml. 

2-Methylbeiizoxazoie.. 

2-Methylbenzothiazoie. 

2>Etbylbenzothiazole. 

4- MethylbenzothiazolG. 

6>Methylbonzothiazolo. 

2.5- Dimethylbenzoxazole. 

4,d-Dimethylbenzothiazole.... 

2.4.6- Trimethylbenzoxazol«... 

2.5.6- Trimethylbenzoxazolo — 

5- ChIoro-2-mcthylbenzoxazole. 

2- Phonylbenaothiazole. 

3- Phenylaiitkranil. 

3-Phenyl>l,2*benzi80xazole... . 
2,1'Naphthoxazolc. 


M.p. B.p. 

®C/mm. 


Odor 


Ref. 


' 4:)-4« 

; Oil 


30-r>5 I 


j 81® I 
i 51-52 ' 

I Oil 
81-82 
Oil 
Oil 
30.5 
79-79.51 
Oil 

Oil i 


28.5 

93-94 

53 

112-113 

52-53 

84 

63.5-<i4 


253/757 

273 


279/724 

283/737 


283.5/750 


271/755 


100.4/15 

242/748 

182.5 


248 

111/10 

200/201 

238 

252 

252 

265 

218/748 


234-236 


218-220 

>360 


Aromatic 

Aromatic 

Peppermint 

Aromatic 

Diphenylamine 

F ungualike 

Aromatic 

Fruity 

Fruity 

Caraway 

Quinoline 

Pyridine 

Jasmine 

Kose 

Leek 

Characteristic 

Anthracene 

Anthracene 

Anthracene 

Anunatic 

Anthranil 

Charactei istic 

Pyridine 

Aromatic 

Quinoline 

l^leasant 

Characteristic 

DiBagreeable 

Penetrating 

Characteristic 

Pleasant 

Tea roses 

Characteristic 

Sweetish 

Roses (weak) 


116 

116 

llA 

117 

107. lUH 
6 

}!.! 

1.1 

18 

119 

a 

.1 

5 

6 

119 

UlU 

i‘.:o 

77 

TVl 

I'-'a 

li3 

7H 

124 

lit! 

VJ6 

126 


I'.'V 

128 

12# 

lan 

79 

IJI 

1»2 

133 
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Berlin,'1937. 
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compounds are listed in Table II in the order of alkyl-substituted mono- 
cyclic azoles, phenyl-substituted monocyclic azoles, alkyl benzazoles, 
phenyl benzazoles, and naphthazoles. The melting and boiling points 
are included in the table since the majority of these compounds will not 
be mentioned elsewhere in this text. 

Boiling Points.—Replacement of a double methine group by sulfur 
causes as little difference between the boiling points of pyridine and 
thiazole as it does between benzene and thiophene (see Table III). 


Table III.— Kffkc’t of Replacement of Double Methine by Sulfur Group 



B.p. 

M.p. 

Density 

Thiophene. 

84 

80.1 

3.9 

116.8 

115.3 

-40 

5.51 

1.0844 

0.8794 

0.2050 

1.198 

0.982 

Benzene. 

Thiophene — benzene. 

Thiazole. 


Pyridine. 

-42 

Thiazole — pyridine.. 

1.5 

0.216' 




Replacement of oxygen by sulfur raises the boiling point. In mono- 
cyclic compounds, this change decreases as the molecular weight or 
boiling point increases. For bicyclfc compounds, the amount is greater 
than for monocyclic. 


Oxygen series 

B.p., 

°C. 

Sulfur series 

B.p., 

“c:!. 

Increase 

Furan. 

32 

Thiophene. 

84 

52 

2,4-Diniethyloxazole. 

108 1 

2,4-Dimethylthiazole.... 

145« 

37 

2,5-Dimethyloxazole. 

118 

2,5-Dimethyl thiazole_ 

153 

35 

2,5-Diniethyl-l,3-4-oxadiazole . 

179 

2,5-Dimcthyl-l,3,4-thia- 





diazole. 

203 

24 

Benzoxazole... 

182.5 

Benzthiazole. 

230 

69 







« Boiling point at 719 mm. 


As a general rule, the boiling point of an isoxazole, a cyclic oxime, is 
higher than that of an oxazole. For example, all the dimethylisoxazoles 
and the trimethylisoxazoles (Table IV) have higher boiling points than do 
the dimethyl- or trimeth^l-oxazoles. The differences amount to 20 or 30®. 

The above relationships are made the basis for the arrangement of 
Table IV. The boiling points, in general, increase from left to right; 
although it is possible that the lower boiling oxadiazoles have boiling 
points less than the thiazoles. The value for the unknown parent mem¬ 
ber of the oxazole series is estimated to be near 70®. That for other 
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compounds in these series could be approximated also. The table is 
incomplete, but the trends in boiling point are readily discerned. 

Azoles with an imide system have boiling points (see Table V) higher 
than other azoles, a fact that can be attributed to hydrogen bonding such 


Table IV.—Boiling Points® of Some Azole Compounds Arranged to Show the 
Influence of Structure on the Boiling Points of Some Analogues and 

Isomers 


Substituent 

Oxa- 

zolc, 

°C. 

None. 

[70] 

2-Mothyl. 

3-Methyl. 


4-Methyl. 


5-Methyl. 

2,4-I)imethyl. 

108 

2,5-Dimethvl. 

118 

3,4-Dimethyl. 

145 

3,5-Dimethyl. 

4,5-Dimethyl. 

150 

2,4,5-Trimothyl. 

134 

3,4,5-Trimethyl. 

2-Phenyl. 

228 

3-Phenyl. 

4-Phenyl. 

222 

5-Phenyl. 


Isoxa- 

zole. 

Thiazole, 

OAI 

1,3,4- 

Oxadia- 

1,2,3- 

Thiadia- 

'‘C. 

V. . 

zole, °C. 

zoic, 

95.5 

116.8 


157/742 

128/729 


118.5 

122.1 

133 

1 . 

184 

145.5/719 

153 

179 




156/744** 





142 

167/717 



171 , 

269/732 



250 

273 



247 





1,3,4- 
Thiadia- 
zoie, °C. 


203 


« Boiling point near 760 mm. unless otherwise given. 
** The 1,2,3- instead of the 1,3,4-oxadiasole. 


Table V.—Boiling Points of Imide-containing Azoles 


Monocyclic compounds 

M.p., 

“0. 

B.p., 

°C. 

Bicyclic compounds 

M.p., 

°C. 

B.p., 

°C. 

Pyrazole. 

70 

90 • 

23 

120-121 

155-156 

185 

256 

203 

260 

Indazole. 

146.5 

170 

99-100 

269- 

270/743 

300 

Imidazole. 

1.2.3- Triazole. 

1.2.4- TriazoIe. 

Tetrazole. 

Benzimidazole. 

1,2,3-Benztriazolc. 


as occurs in water, alcohols, and phenols. Hydrogen bonding in the 
pyrazoles is illustrated^*^ by the simple bimolecular formula shown below. 
For some of the other azoles, a termolecular or higher form would be 
needed. 

w* Hayes and Hunter, J, Chem, Soc,, 1 (1941). 
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When the imide hydrogen is replaced by a methyl group, the boiling 
point is lowered. In all cases, a compound with an alkyl or phenyl sub¬ 
stituent on the nitrogen atom boils lower than the isomeric compound 
with the substituent on carbon^^^ (see Table VI). 


Table VI.—Boilincj Points of Substituted Pykazoles and Imidazoles 


Pyrazole substitiioni 


B.p. 


None 


188 


’ Pyrazole substituent 



1,3,4-Trimethyl 


160 


1-Methyl.... 

3- Methyl.. .. 

4- Methyl.. .. 

1.3- DimothyI 
1,5-Dimethyl 

3.4- l)imcthyl 

3.5- Dimethyl 


127 

205 

205 

136 

153 

222 

218 


1.3.5- Trimethyl. 

1.4.5- Trimethyl .... 

3.4.5- Trimethyl .. . . 

1.3.4.5- Tetramethyl. 

1-Phenyl. 

3-Phenyl. 


170 

177 

233 

193 

246 

313 


Imidazole substituent 

B.p., 

None. 

255- 


256 

1-Methyl. 

198 

1 -Ethyl. 

206 

2-Methyl. 

268 

4-Methyl. 

263 

2-Ethyl. 

268 

1,2-Dirnethyl. 

206 

1,4-Dimethyl. 

199 


Melting Points. —Monocyclic azoles that contain no imide group are, 
in general, liquids. Identification ratist be made by means of such solid 
derivatives as the mercuric chloride, chloroplatinate, picrate compounds. 
The unsubstituted bicyclic compounds, too, are more apt to be liquids 
than solids. 

As might be expected, the azoles with an imide system have definite 
melting points. In general, the increase in melting point caused by 
the benz increment is approximately 78® (see table on page 392); this 
value agrees very well with the 74.8® difference in melting point between 
benzene and naphthalene. 

In the case of pyridotetrazole^®® (the last compound in the bottom 
line), and probably also in that of pyrido[2,l-c]-s-triazole (next to the 
last compound), the same meltingi-point increase fails to appear, a fact 
understandable in that there is no longer an imide hydrogen atom present 
to provide hydrogen bonding. 

Structure and the Positions of the Double Bonds. —The fine structure 
of the benzazole and higher condensed systems has received considerable 
attention, paii;icularly from the standpoint of the fixation of the double 

Farghar and Furness, ibid., 107, 695 (1915), 
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bonds. For example, the 2-substituted indazoles, anthranils, and 
triazoles might be represented by either of two forms shown, respectively, 
below. 
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The structures in the upper line have an ortho quinoid arrangement; 
those in the lower line have a benzoid one, accompanied by a bridge in the 
heterocyclic part. Undoubtedly, resonance hybrids are present, yet 
arguments have been advanced for one type or the other as a preferred 
state. For example, many of the compounds are colorless, a circumstance 
regarded as being in disagreement with the general properties of ortho 
quinones. Moreover, polynuclear aromatic systems, according to the 
principle of Fries, tend to assume the state of individual benzene rings. 
On the other hand, the idea of a four-membered ring as a preferred state 
is difficult to accept. Refractivity measurements^*^ do not support such 
an opinion. 

A novel chemical approach to the problem*^ has been made in the 
case of the 3-chloronitrobenzimidazole. A nitro group activates bromine 
only if placed so that the sequence of double and single bonds will be 
the same as in o- or p-nitrobromobenzene. Hence 5-nitro- (but not 4- 
or 6-nitro-) 3-bromo-2-methylindazole has a halogen atom that can be 
removed by piperidine. The activation would, obviously, not apply 
in such force when the 2-position is unsubstituted because the benzoid 
structure could predominate. The data supporting these conclusions 



Active bromine Inactive bromine Slightly active bromine 


are given in Table VII. The results suggest an ortho quinoid structure. 
Table VII,— Activation of the Bromine Atom in S-Bromo-substituted 

NITROINDAZOLES 


3-BromoindazoIe 


4-Nitro-. 

4-Nitro-1-methyl.. 

4- Nitro-2-metfayl'.. 

5- Nitro-.. 

5-Nitro-2-methyl-. 

5- Nitro-l-methyl-. 

6- Nitro-. 

6-Nitro-l-methyl-. 

6-Nitro-2-methyl-. 


Per cent bromine removed by 
piperidine 


9573 hr, 


45‘’/l hr. 

45724 lir. 


0 

0 

0 

0 . 

0 

0 

4 

2 

30 

0 

0 

0 

0 

0 

0 

0 

0 

-i- 



Fries, Walter, and Schilling, Ann., 516 , 248 (1935), 

V. Auwers, ibid,, 487 , 70 (1924 ); 687 , 291 (1937); Meisenheimkr and Diedbich, 
Rer,, 67 , 1715 (1924), 
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The problem of fixed double bonds has been studied also from the 
viewpoint of whether the adjacent heterocyclic ring permits the benzene 
nucleus to exhibit benzoid or naphthoid properties. If benzoid, the 
double bond will be freely oscillating and the position of substitution 
will not be critical; if naphthoid, the double bonds and the position taken 
by an entering group will be fixed. For example, in a Skraup synthesis 
the position of ring closure in a benzene ring is on either side of the amino 
group (benzoid type); but in naphthalene it is on one side only (naphthoid 
type), and an angular rather than a linear benzoquinoline (see below) 
results. 


NHa 




For condensed azole systems, the problem of naphthoid and benzoid 
can be referred to the stability of dihydrobenzene and the dihydroazoles. 
For example, naphthalene exists primarily in the resonance form (a) 
rather than (6), and this less stable form may be regarded as equivalent 
to dihydrobenzene (r), which is unstable and reverts readily to benzene. 



(a) 


(W 



If, therefore, the dihydroazole compound is unstable or does not form, 
the corresponding benzazole compound would be of the naphthoid type; 
if stable, the bicyclic system would be of the benzoid type. C, C-pi- 
hydrotriazoles (d) are not known to exist. Hence, 2-substituted-5- 
hydroxybenzotriazoles, for which two resonance forms (e) and (/) can 
■ be written, should (and do) show the reactions peculiar to a )S-naphthol; 
from this circumstance the argument stems that the double bonds in the 
aromatic ring of the triazole should be located as are those in the corre¬ 
sponding ring in the naphthol.^*® In short, the resonance form on the 
left (in e) would be favored. On the other hand, dihydroimidazole (g) 


RN 



RN 


/■ 


■N 


\n 




,N. 


RN 




(«) (/) 
is a very stable compound. Hence, 5-hydroxybenzimidazole can function 
readily in eithef resonance position (ft), and either side of the hydroxy 
group is active and participates in reactions. 

••• Fwes, Ann., 889 , 306 (1912); 484 , 121 (1927). 
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(W 


C0“ 

H 


The reactions used in these tests are recorded in Table VIIL At the 
head of each column, a compound of the pure naphthoid type (naphtha¬ 
lene) and pure benzoid type (tetrahydronaphthalene), respectively, is 
listed. The results with heterocyclic compounds indicate that benzo- 
triazoles are definitely naphthoid, diazoles are less so, and tetralin and 
benzofuran are completely benzoid. Benzimidazole, benzothiazole, and 
benzisothiazole are mainly benzoid but show some analogies with 
naphthalene. Indazoles exhibit these analogies a little more clearly. 

Although a sharp demarcation in types is not always found, the 
practical significance of these results is shown by the failure (a) of the 
Ski'aup synthesis to produce a linear benzoquinoline from jS-aminbnaph- 
thaleno or (b) of ring closure to occur in the two compounds given below, 

OH 

(^H-^CHCOaH CHa ” C(0)CH2(;i 



which involve attempted formation of a coumariii and coumaranone 
system. The seeming exception shown by 2,3-diaminonaphthalene, 
which reacts very easily wdth o-phcnylene diamine, and by thiobenz- 
(bromonaphthyl)amide, which condenses to a thiazole product, can be 
explained on the ground that the heterocjrclic systems thus produced are 



not such as to interfere with a naphthoid character of the naphthalene 
portion of the molecule. 

That the principles'^* discussed are not inviolate is shown by the 
fact that l-chloro-2-naphthylamine will undergo a Skraup synthesis 
to give a linear compound, although the general rule is to eliminate a 
halogen atom such as bromine, and yield an angular compound. 

These studies of the position at which a reaction occurs are important. 
It does not follow, however, that because all naphthoid compounds have 
a fixed double bond at one part of the ring, all compounds that have a 
fixed double bond at that corner must be naphthoid and have a double 
bond also where the two rings are joined. The structure represented 
earlier by (/) likewise fulfills all requirements for a comparative rigid 
benzotriazole system; and the work on the 3-bromonitroindazoles, men- 

13® Fbibs, ibid., 516, 285 (1935), 
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tioned earlier, shows that the bicyclic system can be represented properly 
as an ortho (juinoid benzene derivative. 

The comparison of anthracene and phenanthrene with the corre^ 
sponding linear and angular naphthoti’iazoles confirms the aromatic-likc 
character of the triazole ring. For example, the molal heat of combus- 



tion^^^ of anthracene is 7 kg.-cal. higher than that of phenanthrene; that 
of linear naphthatriazolc is 3.4 kg.-cal. higher than that of the angular 
isomer. In general, the high reactivity of anthracene is reflected in the 
behavior of the linear heterocyclic system. The linear fonn is reduced 
to a 4,9-dihydro compound^^® by sodium amalgam in alcohol, and to a 
5,6,7,8-tetrahydro product by catalytic (Pt) hydrogen. Chlorine or 
bromine puts halogen atoms in its 4,9-position8, exactly as these reagents 
do at the meso positions of anthracene. The hydrogenated or chlorinated 
derivatives yield the yellow-colored Zfn .-naphthatriazole-4, 9-quinone 
when oxidized by sodium dichromate. The angular isomer is not 
hydrogenated under conditions similar to those used above. 

This remarkable similarity with the corresponding aromatic hydro¬ 
carbons is consistent with the naphthoid character of the benzotriazoles. 
Such a relationship is found only in part with other heterocyclic systems. 
The molal heats of combustion of the first two naphthoxazoles shown 
below are approximately equal, that of the third is about 8 kg.-cal. lower. 
Toward concentrated sulfuric acid the linear form is more reactive than 
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Linear naphimidazole (m.p. 221°) lacks the reactivity of an anthracene 
compound, for it is not reduced by sodium amalgam or catalytic hydrogen 
under conditions that are successful with the angular naphthotriazole.^*® 



II 


Oxidation by sodium dichromatc and boiling dilute sulfuric acid gives 
the expected 4,9-quinone. 

Fieser has studied the problem of bond position in condensed systems 
by the method of reduction potentiaL^^^ For example, the reduction 
potential of a-naphthoquinone is 224 mv. lower than that of p-benzo- 
quinone, and that of a-naphthoquinone is 220 mv. lower than that of 
o-benzoquinone. In other words, the reactivity of one of the quinonoid 
ethylenic linkages is dampened when it becomes, at the same time, part 
of another ring system; the greater the lowering, the greater the resistance 
to change from a quinoid to benzoid structure. If an attacjhed hetero¬ 
cyclic system causes a lowering, the double bond between the two rings 
would be regarded as correspondingly more stable. The compound 
with the maximum lowering should, therefore, have the highest naph- 
thoid character. Table IX summarizes the results. 


Table IX 

0 O 



Fiebeb, /. Am, Chtm, <Soc., 48 , 1097 (1926); Fieseb and Maetin, ibid., 67, 
1841, 1844 (1935), 
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Only the condensed pyrazole system exceeds naphthalene in reduction 
potential. The triazole system approaches naphthalene. The thiophene 
and pyridine systems have the least effect. 

The comparison between indazoles and triazoles, shown below, sug¬ 
gests that the unsubstituted triazole has a different structure than does 
the 1-methyl derivative. It does not show the nature of the difference. 
If the bonds of the benzoquinone system are regarded as intact, the only 
possible formula will have a bridge. 


E 


(> 



E 


0.155 volt 


N 

J 0.435 volt 

•NH 


The chemical, like the physical, properties are, by and large, a result¬ 
ant of the effects of the groups present in the ring and the resonance that 
cremates stability to the ring structure. For example, the oxazole is a 
combination of the oxygen atom of furan with the ammonoaldehyde of 
pyridine, so that a cyclic iinino ester, sometimes called an imino ether, 
results. The group influence of the ether oxygen atom, so pronounced 
in the case of furan, is submerged in the ester combination, and the 
properties of the oxazoles lean more to the pj^^ridine than to the furan 
side. The chemistry of the monoheterocyclic compounds provides, 
therefore, a \iseful ^uide toward that of the systems with two or more 
hetero atoms, provided due regard is paid to the manner in which the 
groups involved affect each other in alicyclic systems and to the powerful 
effect that resonance can play in stabilizing the ring. Although it is 
sometimes difficult to trace the individual effects of the groups, the discus¬ 
sion of chemical properties, notably substitution, addition, base and acid 
relationships, ring opening, and side-chain reactivity, will be based on the 
general principle that the group behavior sets the pattern for the reactions 
of the various azoles. 

Substitution Reactions. —Substitution will occur but is not common. 
Usually, substituted azoles are derived by synthesis. Since oxazoles 
and isoxazoles are combined furan and pyridine systems, with the latter 
predominating, it is not surprising that chlorine forms an intermediate 
product with 3-methyl-, 5-methyl-, or 3,5-dimethyl-isoxazole, similar to 
the formation of perbromides of pyridine; but that, unlike the pyridine 
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compound, this perhalide, under the influence of heat and light, decom¬ 
poses to hydrogen chloride and a 4-chloroisoxazole.^'*2 Substitution also 
takes place in 3,5-dimethylisoxazole^^* which yields a 4-sulfonic acid 
derivative with chlorosulfonic acid. 

Thiazole, which is to pyridine as thiophene is to benzene, is the least 
reactive of all azoles toward substituting agents. At ordinary tempera¬ 
tures, bromine forms only a perbromide. It requires the severity of 
treatment at 250 to 400° over pumice for bromination to occur. 2-Bro- 
mothiazole only is formed. Formation of addition products between 
benzothiazole and bromine is the rule.^^® When 2-phenylbenzothiazole 
is brominated, the perbromide first formed decomposes in hot acetic 
acid. Bromination then occurs in the benz ring in the position para to 
the nitrogen atom.^^® 


/""V Br 

CC,H, -» 

\n/ 




Although thiazole itself is not nitrated, 2,5-dimethylthiazole forms 
a 4-nitro product, 2,4-dimethyl thiazole a 6-nitro compound, and 4-methyl- 
thiazole a nitro product of unknown position when treated with nitric- 
sulfuric acid mixture. 2,6-Dimethylthiazole yields also a 4-sulfonic 
acid derivative.^ 

The completeness of the shift from the thiophene to the pyridine 
type^^ is well illustrated by the fact that thiazole gives no indophenine 
test with isatin and sulfuric acid and gives no color with phenanthra- 
quinone, although this test is given by some other azoles. 

Pyrazole is like pyrrole in that an imide hydrogen atom is part of a 
ketimine-enimine system (see page 62). The problem is complicated 
by the presence of a second nitrogen atom which competes for the hydro¬ 
gen. The ketimine-enimine tautomerism, shown below, however, 
produces the same methylene compound, irrespective of which nitrogen 
atom is involved in the imide function. The methylene group is also 

HC 2 -CH HaC-.-CH HC7-=--.CH 

' Ei I i Ji .Ah 

V/ 

H 

^'**Quilico and Fusco, Rmd. imt lombardo sci., 69, 439 (1936); C.A., 32, 7464 
(1938). 

Quilico and Justoni, Gazz. chim, itoi., 70, 1 (1940); C.A,, 84, 2843 (1940). 

WiBAUT and Jansen, Rec, trav» chim.f 63 , 77 (1934); Wibaut, Ber., 72, 1708 
(1939). 

Hunteb, Chem, News, 129, 125 (1924). 

1** Booebt and Abba«amson, J. Am. Chem. Sac., 44 , 826 (1922). 

NAGipsAWA, J. Pharm. Sac. Japan, 60, 433 (1940); C.A., 86, 458 (1941). 
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flanked by two ammono-aldehyde functions, which activate it as Would 
two carbonyl groups. Hence the 4-po8ition is particularly active. 
Bromine, nitric acid, hydroxylamine, and nitrous acid attack the pyrazole 
system readily at C4. 

Two other tautomeric forms of pyrazole can exist, but in neither is 
the methylene group activated by the equivalent of a carbonyl group. 

HC^=r=rC^H ‘ HC-CH 2 

1 I ^ 11 I 

HaC N HO N 


The combination of an olefin and an azo lacks the influence of two 
ammono-aldehyde systems. Hence the Cs positions are comparatively 
inactive. 

Similar arguments show the absence of a predominantly active posi¬ 
tion in imidazole. 1,3-Enimization produces one of two possible methyl¬ 
ene groups, depending on which nitrogen atom is the starting position 
for the tautomeric change. 1,5-Enimization, however, places the 
methylene group at C 2 , irrespective of which nitrogen is considered. In 
spite of this common terminus of the 1,5-tautomerizations, the methylene 


OH 


Ha-X H 2 C-N 

hI; (!1h ni 

\n/ 

H 

HC-NH HC -=N 

hI;* ('jh '~'Hj(1: ch 


HO-N HC=N HC-NH 

' ni 2 <!;h!‘^hI diH 

^n/ ^n^ 

H 


group at C 2 has no monopoly in reactivity, because it is activated by 
two —N=C— groups, which have a comparatively weak influence, 
whereas that on the other carbon atoms is flanked by one —N==C— 
and the more potent —C=N— group. The net result is that C 2 , C4, 
and Cfi are approximately equivalent. Bromination or iodination intro¬ 
duces halogens on all the carbon atoms. The imide hydrogen atom is 
also replaceable, and a tetraiodoimidazole^^® forms. Nitric-sulfuric 
acid mixture introduces a nitro^^® group in the 4(5)-position. Benzene- 
diazonium chloride gives 2-phenylazoimidazole.^®® 

Pauly and Gundermann, Ber ,, 41 , 4010 (1908). 

Rung and Bbhrend, Ann., 271, 28 (1892). 

Behreno and Schmitz, ibid ,, 277, 3^ (1893), 
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Curiously enough, the two diazoles and the triazole, shown below, 
give the indophenine test with isatin or phenanthraquinone,^®^ a reaction 
that may be regarded as one of substitution. 



H 


Substitution of the imide hydrogen atom in imidazole is not so easy 
as in pyrrole or pyrazole. Acetyl chloride, acetic anhydride, and 
benzoyl chloride have no effect. The Grignard reagent gives imidazyl- 
magnesium halide^®® which, in turn, forms a benzoyl derivatives®^ with 
benzoyl chloride. Ethyl chloroformate and phosgene also form N-sub- 
stituted products with the magnesium compound; acetyl chloride does 
not. 

Such resistance of imidazole has been attributed^®* to an inner hydro¬ 
gen bonding, a form of chelation, as shown below. This novel structure 
would undoubtedly alter the reactivity of the hydrogen atom. Hydrogen 



bonding unquestionably exists, but the high boiling points of the imi¬ 
dazoles indicate that the bond is more inter- than intra-molecular. 
The much higher boiling point of the imidazoles as compared with the 
pyrazoles suggests that the hydrogen bonding in the former is greater, and 
this view accords with the greater resistance to reaction of the former. 

Methylation of imidazole can be accomplished by methyl sulfate 
in the absence of alkali. If the imidazole is substituted by a nitro group, 
the basicity is decreased (as judged by the increased solubility in aqueous 
alkali), and methylation is made easier. In less degree, a bromo group 
acts similarly. The less basic nitrogen atom is methylated. This 
nitrogen can be located by an independent synthesis of the methylated 
imidazole or by degradation. Conversely, groups such as methyl, which 
increase the basicity, retard methylation. If a nitro and a bromo group 
oppose each other, as in 4(5)-nitro-5(4)-bromoimidazole, the former has 
the controlling influence. l-Methyl-4-bromo-5-nitroimidazole results. 
Methylation with methyl sulfate and alkali, on the other hand, reduces 

J. prafet Chem., 68, 130 (1903). 

0i>DO and Ingbapfia, Gazz, chim, ital., 61, 446 (1931); C.A., 26, 452 (1932). 

Mingoia, Gazz, chim, itcU,, 61, 449 (1931); 66, 242 (1933); C,A,, 26, 453 (1932); 
27, 4534 (1933). 

Oddo and Mingoia, Gazz, chim, itaL, 56, 573 (1928); C.A., 26, 1639 (1929). 
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and sometimes reverses the position of preference;^®* f.c., the more basic 
nitrogen atom is attacked. 

Methylations of benzimidazole^*® and benzotriazole^*^ follow the 
same general rule, i,e., as the basicity is decreased by a nitro group, the 
methylation is made easier. The nitrogen atoms affected are located 
by appropriate synthesis and are indicated, together with the corre¬ 
sponding position in nitroimidazole, by the position of the hydrogen in 
each formula below. 

O 2 N,- nH -NH -N 

H 

f 

The nitrogen methylated in the monocyclic ring system is the one nearer 
the nitro group, and the corresponding atom in the benzimidazole is 
likewise affected. This rule is not followed, however, in the case of 
5-nitrobenzotriazole in which the nitrogen affected is para to the nitro 
group. Possibly the greatcir tendency of benzotriazoles to have a naph- 
thoid structure has an influence on this reaction. 

The results obtained in alkylation of indazoles harmonize, in general, 
with those found for imidazoles in that methyl iodide or diazomethanc 
acts differently from sodium methoxide. The 2-alkyl derivatives usually 
result from the use of methyl iodide and possibly, also, of diazomethane, 
but in the presence of sodium methoxide alkylation occurs at the 2-posi¬ 
tion also.^®** 

Other azoles can be methylated in conventional fashion. The silver 
salt of tetrazole gives 1-ethyl- and 2-ethyl-tetrazole with ethyl iodide.^*® 

The difficulty of substitution in azole systems, particularly in strong 
acid media where the nitrogen atom forms a salt, can be seen by the 
results of nitrating compounds that have aromatic rings present also. 
2-PhenylthiazoIe,^®® 1-phenyl-l,2,4-triazole-3-carboxylic acid,^®^ 2-phenyl- 
imidazole, and 4-phenylimidazole^®^ are nitrated in the para position 
of the aromatic ring, not in the heterocyclic system. A nitro group can 

«*Hazeldine, Pyman, and Winchester, J. Chem, Soc,y 125, 1431 (1924); 
Forsyth and Pyman, ihid.j 127, 574 (1925); cf. Ref. 156. 

159 Phillips, J, Chem. Soc.j 1143 (1931). 

Brady and Reynolds, ibid,, 2667 (1930). 

1 *® V. Auwers and DOksbero, Ber., 53, 1179 (1920); c/. Ref. 155. 

Olivbri-Mandala and Passalaqua, Qazz. chint. itaL, 43, II, 471 (1913). 

Friedman, Sparks, and Adams, J. Am, Chem, Soc.y 59, 2262 (1937). 

Pellizzari, Gazz, chim. ital.j 32, 1, 189; Atti accad. Lincet [5], 10, II, 297; 11, 1, 
20; Chem, Cent, (1902) I, 426, 668, 1164. 

Grant and Pyman, J, Chem, Soc,, 119, 1873 (1921); Pyman and Standeey, 
t&id., 126, 2484 (1924). 
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be made to enter 4-phenyIimidazoIe^®^ at Cb in the heterocyclic ring, but 
only after the first aromatic ring is nitrated. Benzothiazole is likewise 
nitrated in the aromatic portion. 

Addition Reactions* —The addition reactions, de*scribed in this section, 
include ordinary reduction and additions to the ammono-aldehyde 
system. The related salt formation (addition to the nitrogen atom only) 
is discussed under separate title of Bases, Acids, and Salts. Presence of 
the—C=N function renders azoles, in general, susceptible to the reagents 
that have such a marked influence on ])yridine. The products will be 
as predicted, save for the modifying influence of the other hetero atom 
or atonLs. 

Sodium and alcohol or water is an effective reducing agent for many 
azoles. Isoxazoles and oxazoles, and occasionally thiazoles, may suffer 
cleavage (to l>e discussed later under Ring Opening) during reduction. 
Many N-aryl-substituted pyrazolcs,^*'® but not N-unsubstituted com¬ 
pounds, can be reduced to pyrazolins. Pyrazole^®® itself is not reduced 
by sodiunjL and boiling amyl alcohol. Imidazole is also resistant to 
sodium and alkali and to sodium amalgam, as well as to zinc and hydro¬ 
chloric acid, and 60 per cent hydriodie acid and phosphorus. This 
resistance is not caused by a tendency for the imidazolin to revert to 
an imidazole, since the 4,5-dihydro compound^®® obtained when ethylene 
diamine hydrochloride is heated with sodium acetate is stable. The 
resistance shown by these imide-containing compounds is related possibly 
to hydrogen bonding. 

Zinc and hydrochloric or acetic acid is not so effective as sodium and 
alcohol for the reduction of thiazole compounds.^®® 3,4,5-Trimethyl- 
isoxazole is reduced by zinc and sulfuric acid or by aluminum amalgam 
and dilute sulfuric in acetic acid, but the ring is simultaneously opened 
and the products are ammonia and a secondary alcohol. 

By analogy with pyridine, thiazoles, e,g.j 4-methylthiazole,^^® should 
and do add sodamide. Thiazole can be aminated also by hydroxyl- 
amine^^^ by a process that may involve addition, followed by elimination 
of water, as suggested by Skraup. Benzoxazole undergoes a similar 
amination. Some 2-formaminophenol is simultaneously formed. Benzi- 

leapcHiAi and Kazunori, /. Pharm, Soc, Japan^ 60, 313 (1940); (7.4.., 86, 458 
(1941). 

Jacobson and Kwayssu, Ann., 277, 237 (1893). 

Balbiano, Oazz. chim. ital.y 18, 354 (1888); cf. Ref. 53. 

Buchner, Fritsch, Papendibck, and Witter, Ann., 278, 214 (1893). 

Wybs, Ber., 10, 1364 (1897). ' 

Oestbreeich, ibid., 80, 2254 (1897). 

ScHATZMANN, Ann., 261, 6 (1891). 

OcHiAi and Nagasawa, Ber., 72, 1470 (1939). 

Skraup, Ann., 419, 1 (1919). 
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midazoles, l-phenylpyrazole, 2-phenyl-l,2,3-triazole, 4,5-diphenylbenz- 
oxazole, and 6-dimethylaminothiazole are unafTected by hydroxylamine. 

Base, Acid, and Salt Relationships. —Azoles are bases of varying 
degrees of strength that form salts with acids and alkyl halides. Thiazolo 
is a weaker base than pyridine {Kb at 25® = 3.3 X and 2.3 X 10"”®), 
respectively. Accordingly, salts of phenylthiazole are more dissociated 
by cold water than are salts of pyridine; and salts of thiazole in general 
show an acid reaction. 

Azoles with an imide hydrogen atom are less basic than ammonia 
or hydrazine {Kb at 25® = 1.8 X 10~® and 1.6 X 10“*®), respectively, in 
accordance with the properties of the iminophenol or acid function 
present. For example, pyrazole and 1,2,4-triazole have basic dissocia¬ 
tion constants^^^ of 3 X 10“^^ and 2 X 10””^^, respectively. Imidazole is 
a cyclic amidine and, in keeping with the strong basic properties of 
amidines,^^® is the most basic {Kb = 1.2 X 10"”^) of all the imide-con- 
taining azoles, more basic even than pyridine. The contrast between 
imidazole and the isomeric i)yrazole is apparent from the fact that the 
hydrochloride, nitrate, and sulfate salts of the latter are too unstable 
to be isolated, but the mineral acid salts of the former can be obtained 
by evaporation of the acid solution. 

Imidazole nitratemelts at 118®. Although mineral salts of pyra¬ 
zole are not readily obtained, the oxalate and picrate salts (m.p. 192 and 
159 to 160®, respectively) can be isolated. Aqueous pyrazole solutions 
are neutral to litmus. 

Imino hydrogen atoms have, of course, acidic properties. The Grig- 
nard reagent and imidazole or pyrazole^®® form magnesyl derivatives. In 
liquid ammonia, imidazoles form metallic salts with alkali and alkaline- 
earth metals. 

Silver salts are precipitated readily with imidazole, pyrazole, 1,2,3- 
triazole,^^® l,2,4-triazole,2’^^^ and tetrazole.^^® 1,2,3-Triazole^^® liberates 
hydrogen with sodium in ether solution. Calcium hydroxide dissolves 
in a triazole solution. Tetrazole^^^ is acid enough to redden litmus paper 
and to conduct an electric current in water or ammonia. The aqueous 
solution of its sodium salt shows a neutral reaction and deposits crystals 
of sodium tetrazole when cooled or evaporated. The barium salt is also 
easily dissolved by water. 

The alkyl halide salts of the azoles undergo the expected reactions. 

Buchneb, ibid,, 278, 218 (1893). 

Sen and Ray, J, Chem, Soc., 646 (1926). 

Dedichen, Ber,, 89, 1831 (1906). 

Franklin and Bergstbom, Chem. Rev., 16, 315 (1936). 

Baltzer and v. Pechmann, Ann., 262, 320 (1891). 

Strain, J. Am, Chem. Soc., 49, 1566, 1995 (1927). 

17* Thiele and Ingle, Ann., 287, 233 (1895). 



406 


THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS 


For example, reduction of thiazole methiodide by hydrogen over platinum 
gives a pyrazoline.^^^ 

I N „ I n-NCn, 

HOsC J IIO2C l!^g J HO2C: l!^s^ Hi 

« CH«I. H2 + Pt. 

The typical ring-opening processes, which employ salts, also occur 
(see next section). 

Ring Opening. —Good methods for ring opening are important because 
the degradation products may serve as clues to the structure of the 
original compound or as sources of open-chain compounds. 

Since azoles may be regarded as cyclic oximes, dioximes, imino 
esters, iminothio esters, hydrazines, or amidines, depending on whether 
the types are isoxazoles, furazans, oxazoles, thiazoles, pyrazoles, or 
imidazoles, respectively, the frequent use of alkali as a reagent for ring 
opening is not surprising. Resistance to such a reagent would depend 
on the degree to which resonance stabilizes the ring. 

If an isoxazole has a substituent at C^, cleavage®occurs at the 
oxygen atom only and a keto nitrile results; if it has a substituent at C3, 
cleavage occurs also between Cs and C4, and an acid and a nitrile result. 
In either event, one product is a nitrile, and carbon-carbon cleavage 
occurs, if necessary for formation of the nitrile. 

CH3C=CH—(:H=N + KOH CH3(^(0)(Tl2CN 

1 - o- 1 

CH=CH--C(CH3)=N + KOH KOCCH3 -f (JHaCN 

I I 0 


As might be expected, the first process is so much easier than the second 
that a mixture of the two isomers, treated with cold sodium ethoxide 
or alcoholic potassium hydroxide, can be freed of the former. 

The same reagent cleaves also the related furazan.*® A nitrile is 
again formed. 


N==CHtt)—CH=N + NaOH 

I-Q_ -1 


N=C(R)CN 

OH 


Alkyl thiazoles^®® may be attacked by alkali if reducing or oxidizing 
conditions are used.^®^ Boiling sodium ethoxide, for example, cleaves 

Erlenmbter, Epprecht, and v. Mayenburo, Helv. Chim, Ada, 20,514 (1937). 
ScHiTFTAN, Ber,, 27, 1009 (1894). 

Henrich, ibid., 54, 2492 (1921). 
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2,4-dimethylthiaz()le during reduction by sodium and alcohol. Alkyl- 
thiazoles are attacked by potassium hydroxide in the presence of potas- 


CH=0(CH,)—N=CCII, OHaCHjCH, + HjNCH^OH, 


-S-i SH 


» Na + boiling C^HsOH. 


sium hypochlorite.^^ 

Benz-Hubstitiited azoles^® undergo the same ring opening. Benzoxa- 
zoles with an alkyl group in the 2-position are hydrolyzed more readily 
than those with an aryl group. The product is an amino phenol. 


« KOH at 120®. 


C6H4~N-=CCH3 (VI4NH2 + OCCHg 
!-o-1 OH Kc') 


Acids may sometimes bo used to open the ring. Oxazoles^* are thus 
cleaved, mere evaporation on a water bath being often sufficient. 

-N . n NH2 

II + CH.COaH 

|\OII 

"Long standing or warming with dilute HsSOi. 



Pyrazoles^®^ ^nd pyrazolines are stable to concentrated hydrochloric 
acid. Dimethyl pyrazole-3,5-dicarboxylate is, however, readily hydro¬ 
lyzed by sulfuric acid.^®® 

Tetrazole is largely resistant to fuming hydrochloric acid^^**’^*® at 
200°. Concentrated sulfuric acid,^®^ however, breaks it to carbon 
dioxide, nitrogen, and ammonia, 

Methiodide salts of azoles are readily attacked by alkali or silver 
hydroxide. The first step is similar to that in the formation of pyridone. 
The hydroxyl group moves to the adjacent carbon atom. The final 
products are those which result from rearrangement of hydrogen atoms 
and then cleavage to produce stable products. The processes frequently 
give high yields, so much so, in fact, that Claisen regarded the decom¬ 
position of pyrazoles as a preparative method for s-hydrazines. Exam¬ 
ples of the reaction of some quaternary salts with alkali and also with 
other related reagents are given below. 

CuRTius and Wirsing, prakt, Chem. [2], IM), 531 (1894). 

Heller, 5cr., 40, 114 (1907). 

Bladin, ibid,; 26. 1412 (1892). 
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OH,('=('H—Cn=NCH, I -► CHaCC'HsCNHCH, 

I -O-J i h 

« Cleavage with AgOH.w* 

N(CH,)^rH i ^ RCHCHO + CHaNH, + ocu 


-N(CH 3 ) 


NH(^H3 


HO 


«• AgOH.i« 


CH==C^H—CH=NCH3 I HCO + HNCH3 

I I II 

j OH HNR 


-‘N(R)- 


« Cleavage with KOH.i« 


CH==CH—N(CH3)=CH I Resins -h CH3NH2 

I —,—I 


KOH.w* 


nc^cn—CH--=Ncn, sOaCHz iiccji,cH{cisi)NBcn, 

j i 


--0- 


• KON. 


CHaC^CH—rH==NCH 3 • SO4CH3 

I- -o--I (!) Abz 

/ C.H6COjK.<»‘ 


Benzoyl cJiloride and alkali (Schotten-Baumann reaction) cleave 
azoles smoothly, particularly in the case of imidazoles,where a diben- 
zoyldiamino product results. The reaction is general. 1,2,4-Triazoles 
and tetrazoles are similarly aifected. 1,2,3-Triazoles,however, 
merely form the N-benzoyl-derivative. 


CH==CH—N=CH 

I-NH-i 

C«H4—N=CH 
-NH-! 

CH-=N—N==CH 

1-NH-1 

CH=N—N=N 

J-NH-J 


CH=CHNHBz 


NHBz 

C«H4NHBz 


NHBz 

(JHNHNHBz 

O 


+ HCO2H 
+ HCOiH 
-f HCO 2 H -f NH 3 


BzNHNHBz + HCO2H 


« NasCOs used instead of NaOH in this reaction. 


Since quinoline^®® and benzothiazole®^ react with benzoyl chloride 
«nd alkali (in the latter case with ring opening), and since 1-methyl and 

1 ** Olaisen, tbid.j 45, 59 (1909). 

Pinner and Schwartz, ibid.^ 36, 2441 (1902). 

Knorr and Weidel, tbtd., 43, 3523 (1909). 

Mumm and Beroell, 45, 3040 (1912). 

E31SSEBT, tbid,y 88, 3415 (1905); Mihlan, ibid.y 83, 862 (1906); FRiEDnXNDER 
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l-ethylimidazole^“® also react with benzoyl chloride and alkali, the 
reaction is not connected to the imide hydrogen atom, but is probably 
related to the behavior of methiodide salts with alkali just discussed. 
The steps in the case of imidazole^®® would be benzoylation of the imide 
system and then a series of changes identical with those for quinoline 
or benzothiazole, as shown below in the general equation. 


r.H 4 —N C,H 4 — 


C6H4-~NBz 

it-inoH 


C«H4NHBz 


R indicates —CH—CH—, —S—. oi —NR—. R' indicates —rH==rH2, —SH, or — NHs. 
HC02H IS formed from the carbon atom adjacent to the nitrogen. 


Ring opening is not limited to the use of benzoyl chloride and alkali. 
The acid chlorides of the half esters of oxalic and malonic acids have 
been used successfully with imidazole.^^^ Benzoyl chloride^**’ is claimed 
to be ineffective in some cases where isovaleryl chloride, (Cn 3 ) 2 CHCH 2 - 
C(0)C1, will open the ring. In other instances, benzoyl chloride and 
pyridine have been used in place of the acid chloride and sodium hydroxide. 
Benzoyl chloride has also opened the ring and formed a diamine with 
benzimidazolylmagnesium halide. 

Reductive cleavage frequently takes place when azoles are treated 
with sodium and alcohol. The products are, in general, the same as 
with alkali cleavage alone, except that the nitrile system is not eliminated 
but reduced. A few examples are listed below. 


CH.C-^CH—C(CH3)=N -> CH3CCH,CH(CHa)NHa 

I__ -J 

« Na in wet ether, i** 


(\H5C5==CH—N==Cr«H6 CoHfiCCHg + H2NC^H2C6H6 

I I ^ 

I-o-* 


^ Na -f alcohol.”* 


CH3C==CH-~N=CCH3 4 CHaCHCHs + HgNC'HzCHs 



« Na + alcohol.”* 

C6H4-~N-=0H 4 o-HOCaH^NH, or o-HOCeH4NnCH8 


* Na in liquid NHs or NH 4 Br 4 * Na in liquid NHg, respectively.”* 


and Chivaler, Monatsh., 28, 270 (1907). 

190 Heller and KOhn, Ber,, 37, 3112 (1904). 

191 WiNDAus, Dorries, and Jensen, ibid,, 54 , 2745 (1921). 
Oddo and Inoraffia, Gazz, chim, Ual., 62 , 1092 (1932) 
Claisen, Ber., 24 , 3914 (1891). 

Fischer, ibid., 29 , 205 (1896). 

Knowles and Watt, J. Org. Chem., 7, 56 (1942). 



410 


THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS 


Acid reducing reagents sometimes cleave azoles. 2,4,6-TrimethyI- 
isoxazole^°® gives ammonia and a secondary alcohol when reduced by 
zinc and dilute sulfuric acid or by aluminum amalgam and dilute sulfuric- 
acetic acid. Diphenylfuroxan^®® gives an amphi dioxime. 2,5-Diphenyl-* 
oxazole'* is split by hydriodic acid at 200° into benzoic acid, ammonia, and 
other material. 

When pyrazoles are reduced to pyrazolines and these compounds, in 
turn, are heated, particularly in the presence of polished platinum, decom¬ 
position to cyclopropane^®’' compounds results. The method is prepara¬ 
tive for cyclopropanes. 

Oxidative cleavage is not so common as other methods. Many rings 
are stable. The process converts side chains to carboxyl groups, which 
further stabilize the ring. When cleavage does take place, destruction 
of all primary compounds may occur. 

An idea of the resistance that some azole rings have to break down 
during oxidation may be gathered from the fact that imidazole^®^ is 
stable to chromic and nitric acid as might be expected from the acid 
medium. Pyrazole resists alkaline permanganate. When l-phenyl-3- 
methyl-1,2,4 triazole^®^ is treated with acid permanganate, the phenyl 
groxip is preferentially oxidized and removed; alkaline permanganate 
then oxidizes the methyl group. Although 2-methyl- or 2,4-dimethyl- 
thiazole^^ is completely destroyed by potassium chlorate and concen¬ 
trated hydrochloric acid, the presence of a carbethoxy group in the 5-posi¬ 
tion prevents this oxidation. 

Some azole systems can, however, be cleaved by oxidation fairly 
readily. Trimethyl- or triethyl-isoxazole^®^ yields acetic or propionic 
acid, respectively. Imidazole, treated with hydrogen peroxide, gives 
an oxamide.^®** Although imidazole is stable to nitric or chromic acid, 
it is easily oxidized by alkaline permanganate.^®^ 

The presence of certain substituents on the nucleus will always make 
a ring more susceptible to ring opening. 2-Aminothiazole,^®® for exam¬ 
ple, is converted to a glyoxime and sulfur when heated with an aqueous 
solution of hydroxyl amine and hydrochloric acid. 

r HCO ] HC=NOH 

LH,iciJ~*H(!;=NOH ^ ^ 

Presumably, there is an initial hydrolysis to an a-chloroaldehyde (a 
reagent used in preparing the thiazole) which, after the general manner 
of «-chloroketones, reacts with hydroxylamine to give the dioxime. 

WiBLAND, Ann., 368, 56 (1908). 

V. Axxwebs and KOnig, ibid., 49^, 252 (1932). 

Hbdzizbwski, Ber,y 17, 1289 (18W). 

»»• H-^wzsch and Wild, Ann., 289, 285 (1896). 
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The sodium salt of 5-aminotetrazole, when treated with cyanogen 
bromide, forms a nitrile which, in turn, undergoes ring opening to a 
dicyanamidazide,^^*^ probably by way of an iminic compound. 

N-N N-^:=rN 

HjN I HjNi i 

\n/ \n 

Na feN 

Replacement of the Oxygen Hetero Atom. —The oxygen atom in many 
azole systems can be replaced by nitrogen and sometimes by sulfur. 
The change is probably one of ring opening and re-formation. In the 
first example below, the ring has re-formed in such a way as to leave an 
amino substituent in the 3-position of a pyrazole system. Other exam¬ 
ples have more the appearance of a simple replacement. 

OHaC^CH- 4 r(NH2)~NC%H5 

I-o —^ - -NH-! 

« Heated with C.HiNHNHj.*"* 

ClIaC'--CH—N=CC.H5 CH,C=^'H—N=C!C,H, 

I —O—J I —-8-J 

k Alcoholic HaS at ZSO”.*" 

('Ha(‘=C'(R)—N=N 4 cH80=C(R)—N=N 

I-o -1 1- S- i 

K - -COsEt or -C(0)CH,. 

‘ H^S or NH48H.2 ‘'i 

CHaO--C(Il)—N^X 4 -X—-N 

I-o-^ ^ -X(U') --J 

R « -COaEt. R' - H, OH, NHPh, NHC(0)NH2. 

^ Treatment with NHa, H*NOH, H^NNHCeHt, UzNNlIC(0)NUi.».«>2 

REACTIVITY OF ATOMS OR GROUPS ATTACHED TO THE NUCLEUS 

In general, substituents such as methyl-, chloro-, amino-, hydroxyl, 
carboxyl, and the like have properties expected in compounds that lean 
toward the pyridine type. For example, a methyl group, attached to the 
carbon of an ammono-aldehyde system, condenses with aldehydes in 
the presence of zinc chloride. Hence 2-methyl-4-phenyl-, but not 
4-methyl-2-phenylthiazole, gives a styryl compound with benzaldehyde. 
The double bonds in these azoles may, accordingly, be regarded as more 
fixed than oscillating.^®* The greater reactivity of the 2-methyl group in 

wo Hart, J, Am. Chem. Sor., 60, 1922 (1928). 

wi WoLFP, Ann., SS8, 1 (1904). 

w* WoLPP and Hall, Ber., 86 , 3612 (1903). 

Mills and Smith, J. Chem. Soc., 121, 2724 (1922). 
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2,4-dimethylthiazole toward benzaldehyde paves the way for conversion 
to a carboxyl group by ozonolysis and for eventual elimination by 
decarboxylation. 

Similarly, the hydrogen on the 2-methyl group of 2,4-dimethyl- 
thiazole is the one that reacts with bromoacetophenone. The product 
undergoes a subsequent intramolecular condensation that leads to a 
thiazolopyrrole.^^® This series of changes is identical with that by which 
n-picoline gives a pyridinopyrrole.^°® 


CHa 



0CC«H5 

+ I 


BrCHj 



An exception to this general rule of the most reactive methyl group 
occurs in the reaction of the 4-methyl rather than the 2-methyl group 
of 2,4-dimethylthiazole with 40 per cent formaldehyde in a sealed tube 
at 160°. The product is 2-methyl-4(i^-oxyethyl)-thiazole.^^^ 


CH==C(CH3)—N=CCHa N^CCHa 


« 40 per cent H2CO at 160®. 

Carboxyl groupSj located at certain positions on an azole ring, have 
the lability that might be expected from the labilizing group in the ring. 
For example, 2-carboxy-l,3,4-triazole loses carbon dioxide at 137°.^®^ 

Isoxazolecarboxylic acids, as shown in the examples below, sometimes 
lose carbon dioxide and undergo ring cleavage when heated. 2 ®® The 

C6H6CH-=CH(XC0JI)-=N CellsCC^HaCN + CO 2 

I I ^ 

1. _o - —I 

HOiCC—(^H—CH“N (’O2 4- carbonaceous product. 

L„_o—-1 

formation of carbonaceous or pitchy products may be prevented some¬ 
times by heating in the presence of phenylhydrazine, which will react 
with the ketone formed. The product, however, re-forms as an amino 
pyrazole. The yield of 5-amino-l,3-diphenylpyrazole^®^ from 5-phenyl- 
isoxazole-3-carboxylic acid by this method is as high as 80 per cent. 

Halogen atoms can be removed by reducing agents. l-Methyl-2,4,5- 
tribromoimidazole^®^ is converted to 1-methylimidazole by sodium 

Kondo and Nagasawa, J, Pharm, Soc. Japan, 67, 909 (1937); (7.4., 32, 1699 
(1938). 

Ohitchibabin, Bcr., 68, 1704 (1925); 60, 1607 (1927). 

Quilico and Frbri, Qazz, Mm, ital, 69, 930 (1929); C.4., 24, 3484 (1930). 

CusMANO, Gazz, chim, ital, 69, 594 (1939); C.4., 84, 1319 (1940). 
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amalgam in warm alcohol solution; l-methyl- 5 -chloroimidazole^®® is 
changed to the same compound by hydrogen iodide and phosphorus at 
135 to 140°. Zinc dust and acetic acid eliminates the chloro- or bromo- 
group in 2 -chloro- or bromo-thiazole.^*^® 

Halogen atoms sometimes show unexpected resistance to hydrolysis. 
2 -ChlorobenzothiazoIe 20 ® is unaffected by 10 hr. in boiling water. It does 
react, however, with liquid ammonia to give the 2 -amino product. 
2 -Chlorobenzothiazole ^22 is also not affected by heating with copper. 

The activity of an amino group depends on the position occupied. If 
attached to the carbon of an ammono-aldehyde group, its behavior will 
approach that of a- and 7 -aminopyridine, as shown by the conversion 
of 2 -aminothiazole to thiazole,^^® to 2 -bromothiazole,^®® or to 2 -chloro- 
thiazole^®® when treated with sodium nitrite and sulfuric, hydrobromic 
acid, or hydrochloric acid, respectively. The hydrochloride of the same 
amino compound, when treated wdth ethyl nitrite^or nitrous-^^ acid 
in boiling alcohol, yields thiazole. 

Although 2-aminobenzothiazole can be diazotized and the diazonium 
compound coupled with a solution of R salt, the process is slower than 
with aniline. The expected lower order of activity of the azole amino 
compounds is indicated by the fact that the G-amino rather than the 
2 -amino group in 2 , 6 -diaminobenzothiazole is diazotized. 

4-Amino-3,5-dimethylpyrazole and 5-amino-l,2,4-triazole can be 
diazotized. The sodium salt of 6 -aminotetrazole forms an unstable 
diazo compound with sodium nitrite, which in concentrated solution 
explodes in a few seconds, but in boiling dilute solution decomposes 
smoothly. The diazotate condenses wdth benzaldehyde in the pres¬ 
ence of zinc chloride and hydrochloric acid to give a benzaltetrazyl- 
hydrazine, which, in boiling 25 per cent hydrochloric acid, forms the 


N-N 

A ji 

\n/ NH3 
H 


NHN==CHC«H6 


NHNHa 


tetrazylhydrazine. ^ 78.213 

The amino group makes the azole more susceptible to substituting 
agents, very similar to the way it breaks down the resistance at the 
pyridine ring (see page 194). 2-Amino-4-methylthiazole^^‘* is nitrated 
or sulfonated in the 5-position. The sulfohation process can be halted 
Wallach and Schulze, Ber,, 14, 422 (1881); Wallach, Ann,, 241, 308 (1882). 
Lemons, Anderson, and Watt, J, Am, Chem, Soc,, 63, 1953 (1941). 

Hertog and Wibaut, Rec. trav, chim., 61, 381, 940 (1932). 

Hantzsch and Popp, Ber,, 21, 2582 (1888). 

«*Skraup, Ann., 419, 1 (1919). 

*18 Thiele and Marais, ibid,, 278, 144 (1893). 
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at the intermediate sulfamino stage by using cold fuming sulfuric acid. 
Bromine also attacks the 5~position of the same compound. 

Hydroxy substituents lack a true phenolic character but nevertheless 
undergo many conventional reactions as shown below with 2-hydroxy-4- 
methylthiazole^^ ^ 


OHa 



on 


T«"Thiaa!ole nucleus. 


PCh 
PhNHi 
Zn dust 


4-rn3-T-~(i 
4.CH3—T—NHCcHfi 
T—H 


The hydroxy group also labilizes the thiazole ring so that substitution 
takes place more readily. For example, the 2-hydroxy-4-methylthiazole 
mentioned above gives (a) the 5-sulfonic acid when treated with fuming 
sulfuric acid, (6) the 5-bromo product when treated with bromine in 
aqueous sulfuric acid, (c) the 2,5-dibromo compound when allowed to 
react with mercuric acetate and bromine in alcohol, (d) the 5-aldehydo 
compound when subjected to a Gattermann reaction with excess hydrogen 
cyanide, and (e) the 6-acetyl derivative when treated with acetic anhy¬ 
dride and aluminum chloride in nitrobenzene. A slight amount of 
substitution occurs also in a Reimer-Tiemann reaction?^^^^ 

The hydroxy groups of some azoles are reduced by heating with 
phosphorus pentasulfide.^^®''-*^® The hydroxyl group in l-phenyl-3- 
hydroxy-1,2,4-triazole, urazol, and 1-phenylurazole, illustrated, respec¬ 
tively, below, are thus replaced by hydrogen. An intermediate mercap¬ 
tan is probably formed. In the case of l-phenylurazole, the l-phenyl-3- 
mcrcapto-1,2,4-triazole can be isolated. 

(TT=N--C(OH)-=N HOC==-N—C(OH)^N N-=C(OH)—N==COH 

I-N(C,H.)-I-NH-1 I—-*N(C.H5)-1 

This reduction of the mercapto group is similar to that observed in the 
formation of thiophene compounds (page 40) in which the expected 
mercapto product is not found. 

The mercapto group is a substituent in many thiazolos and imidazoles 
because of the formation of thio derivatives in the synthesis. It is 
oxidized readily by 10 per cent nitric acid to the sulfonic acid, which 
then undergoes hydrolysis spontaneously to give the thiazole or imi¬ 
dazole, respectively. The intermediate sulfonic acid can be isolated by 

Hantzsch and Webeb, Ber,, 20, 3118, 3336 (1887); Hantzsch and Arapides, 
ibid., 21, 941 (1888). 

Pellizzari and Ferro, Gazz. chim, Hal,, 28, II, 541 (1898); Andreocci and 
Manning, ibid., 29, II, 41 (1899). 

Thiele and Uhlpelder, Awn., 808,94,102 (1898); Diels, Ber., 86,739 (1903); 
Stoll^ and Kbauch, J, prakL Chem, [21, 88 , 313 (1913), 
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\s 


oxidation with hydrogen peroxide and potassium hydroxide. 

Reactions of Azolones. —The reactivity of azolones is, to a large 
extent, a problem of an active methylene group adjacent to the carbonyl 
and often also to the —C=N— system in the ring. Reactions are 
typical of like systems in the malonic, dimethyldihydroresorcinol, and 
other systems. For example, the four different types of pyrazolones^^^ 
shown below react easily with nitrous acid, the nitrosites of tertiary 
bases, aldehydes, diazonium salts, isatin chloride, etc. 


R 


n-1^2 


o 




H 

Pyra*olone-5 


R 



Hi 

O 


l8oxa/olono 



Rhodaiiic acid 



H2 

0 


H 

Tbiohydanioin 


The hydrogen atom in l-phenyl-3-methylpyrazolone-5 undergoes 
tautomerism so that the N-methyl derivative is obtained with potassium 
hydroxide and methyl iodide or with sodium hydroxide and dimethyl- 
sulfate. The structure of this product is proved by its independent 


H2 

O 



O 




CJh 
NCHs 


cn^ -ccH, 

J ^ 

llit02C 

CfRsNHNHCH. 


synthesis from ethyl acetoacetate and sl/77^-methyl phenyl hydrazine. 

The same pyrazolone can add across double bonds as indicated in the 
formation of the carboindogenide^'® (see page 311). 


Hi 

CeHs 


Ar means phenyl, m- or p-chlorophonyl, p-tolyl, or -p-aoetoxyphenyl but not aromatic systems with a 
methoxy, hydroxy, or dimeihylamino group. 


3-Methylpyrazolone-5 undergoes an interesting reaction*^* with 
sodium alkoxides which is reminiscent of some that occur with pyrrole 
(page 63). When heated, at 210 to 230° for 8 to 22 hr., an alkyl group is 
introduced in the 4-position. Methyl, ethyl, propyl derivatives are thus 

Wahl and Bagard, Bull, boc, chim, [4], 5, 1033 (1909). 

loNESCU and Gborgbscu, Bull, boc, chim,, 46 , 428 (1929). 

Wolff and Thielbpape, Ann., 420 , 275 (1920). 
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H.. 

O 



H 


CH, 


+ 


NaOR 



CBz 


obtained. A second alkyl group is not introduced into 3,4-dimethyI- 
pyrazolone. If the sodium propoxide used is not dry, the condensation 
takes another course that gives a pyrazylpyrazolone (m.p. 259°) 



H 


Obviously, azolones are more susceptible than azoles to hydrolytic 
scission. Triazolones or amino compounds capable of forming triazo- 
lones are sometimes hydrolyzed by water or aqueous acid. Stronger 
conditions may be emjdoyed as necessary. A few examples are shown 
below. 


HO 2 C 




^N/■ 

OeHr, 


N « CO 2 CH 2 OH 
" +1 4“ N 2 

OCNHC^ellfi 


■N 


HON= 


O 


CeHs 
N— 


noN=(ti 

I +N 2 

OCNHCoHfi 


e H 2 N—NH 2 

II II 2NH2 

OHs'vNXNHa CH 3 CO 2 H CO, ^ 

11 

» H20.W® » Fuming HCn .221 « Dilute HsSOi at 180®.232 


Furoxans may be regarded superficially as related to the azolones in 
that they are N-oxides rather than C-oxides. Chemically, there are 
only a very few points of similarity. Furoxans^® have an interesting 
number of reactions. Reducing agents, such as hydriodic acid or tin 
and hydrochloric acid, or phosphorus pentachloride, eliminate oxygen 


« HI or Sn -f HCl give furaean and water. PCU gives the furaean, phosphorus oxychloride and 
chlorine. 

»*<»Dimroth, ibid., 325, 90 (1904); 364, 195 (1909). 

DnfBOTH and Taub, J?«r., 39, 3912 (1907). 

2SS Thiele and Heidenreich, tWd., 28, 2598 (1893) Thiele and Mahchot, Ann.j 
303, 39 (1^98). 
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and give the furazan. Ammonia and aniline add 1,3- (see page 198) and 
form dioximes as the primary products. 



PhC(0)|p- ,(’(0)Pli 


H 


CjHsj-|NH> 


CeHfiC- 


-CNH2 


PhC(0)C-CNHPh 

i i 

OH OH 


I I 

OH OH 
ON,- .NHPh 

- r.U 


Ph » CeHb. 

« NHa. ft CellaNIIi. 


The aniline product undergoes enolization and further condensation 
to a nitroso isoxazole, according to the general manner given before 
(page 364) for obtaining isoxazoles from molecules that have appro¬ 
priately placed oxime and benzoyl groups. 



CHAPTER XIV 


AZOLES 

PART IL COMPOUNDS 

The number of known azoles is far too numerous to permit’ a detailed 
account of each. The parent compounds and their methyl homologues 
have already been mentioned in the general discussion and tables of the 
previous chapter; and this reference is adequate because they are far 
less important than their analogues in the benzene and pyridine series, 
which are obtained in commercial quantities and form the basis for a 
large field of chemistry. The major discussion in this chapter will l)e 


Tablk I. —Some Oxazoles and Reagents Used in Their Preparation 


Substituent 

M.p., °C. 

B.p., “C. 

Preparation 

Ref. 

2,4-Dimethyl. 

liquid 

liquid 

59 

108 

a 

2 

2,5-Dimethyl. 

118 

h 

3 

2-Methyl-5-phenyl. 

256/748 

255/734 

e 

3 

5-Methy 1-2-phenyl. 

Oil 

<1 

3 

2,4-Dimethyl-5-pheiiyl. 

• 52 

e 

4 

5-Phenyl. 

42 


I 

4 

4-Phenyl. 

6 


ff 

5 

2,4-Diphenyl. 

103.5 


h 

5 

2,5-Diphenyl.. 

74 



6 

4,5-Diphenyl. 

44 

. 

i 

7 

2,4,5-Triphenyl. 

116 


k 

7.« 






o Chloroaoetone and acetamide, Acylation and dehydration of aminoacetune. Aoctuniino- 
acotophenone and phosphorus pentachloride. Benzoylaminoacetone and i)hoBi)horu8 pentachloride. 

* Acetoaminopropiophenone and phosphorus pentachloride. / Formaminoaeetophenonc and phos> 
phorua pentasulfide. « w-Bromoacctophenune and formamide. ^ a^Bromoacetopheone and benzarnide 

* Benzaldchydeoyanohydrin and benzaldohydc. ’ Benzoin, hydrogen cyanide, and sulfuric arid. 

* Benzoin, ammonia, and benzoyl chloride, followed by concentrated sulfuric acid. 

^ In order to simplify the writing of formulas, the capital letters O, Is, T, P, and I 
will be used frequently to designate the oxazole, isothiazole, thiazole, pyrazole, and 
imidazole nucleus. The context will supply enough information so that no confusion 
as to the meaning will exist. In the case of aromatic nuclei, the large letter R will 
be used frequently to designate the system attached to the heterocyclic atoms. 

^ 2 SCHUPTAN, Bsr., 28» 3070 (1895); Ostsbrbxob, ibid,, 80» 2254 (1897). 

> OABBiiiL, ibid., 43» 1283 (1900). 

* Bacbbtbz, ibid., 47, 3163 (1914). 

« Hantzsch, iMd., SI, 942 (1888); Lbwt. ibid., SO, 2576 (1887). 

* Robikson, J. Chem. 8oe., 98, 2169 (1909); Oabbxbu:., Ber., 48, 136 (1910). 

^ Japp and MctBbay, /. Chem. 8oc., 88, 469 (1893). 

* McKxSkxb and Babsow, ibid., 108, 1331 (1913). 
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devoted to compounds of some theoretical, commercial, medical, or novel 
interest. There are relatively few such compounds among the oxazoles 
and isoxazoles, perhaps because of their sensitivity to hydrolysis; there 
are many among the thiazoles, pyrazoles, and imidazoles; and there are 
few again among the oxadiazoles, thiadiazoles, triazoles, and tetrazoles. 

OXAZOLES 

Some oxazoles and the methods used in their preparation are recorded 
in Table I, in order to emphasize the reagents used in their formation. 

Oxazolines may be regarded as derivatives of N-aoyl-2-aminoethanols. 
They should, therefore, have some physiological interest. The com- 
pound» can be prepared from 2-aminoethanol by acylation (heating with 
an acid to 200°) and then dehydration of the N-acylated or benzoylated 
amino ethanol by heat or phosphorus pentoxide. 2-lVlethyl-, 2-ethyl-, 
and 2-phenyl-oxazoline boil at 111, 125, 248°, respectively.® Treatment 
of the same intermediate with phosphorus pentasulfide gives also the 
corresponding thiazoline. 

Phenanthraquinone,^® or retenequinone, “ forms an oxazole, together 
vith some imidazole, when dissolved with an aromatic aldehyde in boiling 
absolute alcohol or toluene that is saturated with a rapid stream of 
ammonia. The reaction probably progresses'^ through the intermediate 
(luinonimine and hydrobenzamide derivatives as illustrated in the case 
of retcnecpiinonimine below. 



Retenequinonimine, with n-butylamine or piperidine as a catalyst, forms 
a 2-phenylphcnanthroxazole vith benzaldehyde and a 2-propylphen- 
anthroxazole with n-butyraldehyde^^ as if by an intermediate aldol 
condensation. 2-Phenylphenanthroxazole melts at 204 to 205.5°; 2-phenyL 
reteneoxazole melts at 174.5 to 176°. 

2-Methyl-a-naphthoxazole^^ is prepared by a conventional seciuenco 
of reactions from a-naphthol as shown below. 

» Wenki^.r, J, Am. Chem. Sac., 67, 1079 (1935). 

Japp and Wilcock, J. Chem. Soc.^ 37, 661 (1880); 89, 225 (1881); Szbcar and 
Sircar, ibid., 123, 1559 (1923). 

Kreps and Day, J, Org. Chem.j 6, 140 (1941). 

Stein and Day, J. Am. Chem. Soc., 64, 2567 (1942). 

Fisher and Hamer, J. Chem. Soc.^ 962 (1934). * 
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a-naphthol —♦ 2-nitroso-o-naphthol —* 2-nitro-o(-naphthol —> 2-ainino-a-naphthol —* 

2-methyl-a-naphthoxazole 

« NaOH + HNO 2 . Some of the 4-nitro80 isomer is obtained also. ^ H 2 O 2 + FeSOi + NaOH. 
« Sn + HCl. Ac 20 + NaOAc. 


The jS-isomer is obtained similarly from /S-naphthol. 



2-Methyl-a-naphthoxaaole 
M.p. 30 to 37® 

Methiodide, m.p. 202 (d.) 



2-Methvl-/8-naphthoxa2ole 
M.p. 27® 

Mcthiodide, m.p. 212 to 213 


Oxacyanines .—The absorption of the oxacyanines lies further in the 
more refrangible region of the spectrum than that of any known kind of 
cyanine dye.^® The general method of preparationinvolves forma¬ 
tion of an oxime A at an active methyl group, decomposition of the 
oxime to and condensation of A with B to form the dye. The inter¬ 
mediate products are not isolated during the process. 


r)/°\ .r 

')y^\ r 

■)/«\ 


f CCH=-NOH -> k 

r ^ 

r\\N^ r 

r 


R'+X- 

R'^X- 

R' 


A 

B 


A + B- 


\D^\ 

I\\n^ 

L R' 


\ /®\| 
C—CH=C 



R -■ C«H4 or CioH«; R' 
« C^HnONO. 


CII 3 or C 2 Ho. 


The simplest oxacyanines cause a negligible photographic shift; the 
dibenzoxacyanines, however, are powerful sensitizers for gelatin chloride 
emulsions. 


UAmirwhenzoxazole-J^-arsenic acid has been prepared by a conven¬ 
tional process, as shown below, because of its possible physiological 
interest as an arsenic containing compound. 


a R|^!!*^NHC(0)NH 

R - Na0A8(0)0H. 

• BrCN and water. Aminea react with cyanogen bromide to form a oyanamide and then a guani» 
dine derivative which undergoes hydrolysis to a urea compound. ^ Strong alkali. 


R 





CNH 2 


\)/ 


Kuhn, Winterstein, and Balser, Ber., 63, 3176 (1930). 
« Stickings, Chem. Soc.j 3131 (1928). 
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Azlactones are 2-phenyl-4-benzal-5-oxazolones or similar compounds, 
obtained^® by condensation of aldehydes with hippuric acid under the 
influence of acetic anhydride. They are valuable as intermediates in the 
synthesis of a-amino acids such as tryptophan. The reaction is general. 

ISOXAZOLES 

No naturally occurring isoxazole compounds are known. They are 
often obtained in the course of laboratory work with nitroso and isonitroso 
compounds. The first known compound, a 3-phenyl-5-methylisoxazole,^® 
came from an attempt to prepare an oxime from benzoylacetone. Subse¬ 
quently, acetylacctone^® was shown to undergo a similar condensation and 
form 3,5-dimethylisoxazole. 

3- and 6-Methylisoxazoles. —The preparation of these compounds 
from sodioacetaldehyde proceeds by way of an intermediate product, 
CsHiaOaNa, formed by interaction with hydroxyl amine.^o Treatment 
of this intermediate with n/2 hydrochloric acid gives 5-methylisoxazole, 
and with more concentrated acid it gives the 3-methyl isomer. A con¬ 
version does not occur after the 5-methyl product is formed. A possible 
formula of the sesquioxime intermediate is pictured below. If hydrolysis 
at (a) precedes that at (5), the only isoxazole possible is the 3-isomer. 
Otherwise the 5-methylisoxazole results. 


CH3C—C^H 2 -CH--NOH 

K \ 

r / 

CHaC—CH2—CH=-NOH 

Isoxazolecarboxylic Acids. —Table II lists the properties of a number 
of these compounds. 

Isoxazole-6-azotrinitromethane, C8H2N0*N=NC(N02)8.—When 
acetylene is bubbled through fuming nitric acid, a mixture, consisting 
principally of isoxazole-5-carboxylic acid, a,iS'-diisoxazoyl ketone, 
C7H4O3N2, and a yellow explosive compound, C4H2O7N6, is obtained.^^ 
The last product, the azotrinitromethane, is insoluble in alkali and gives 
a red color with unsaturated compounds, as does trinitromethane. 
Stannous chloride reduces it to C4H708N6'HC1. It is synthesized^^ 

Erlenmbyer et a/., Ann,, 276, 3 (1893); 887, 266 (1904). 

Raiford and Buubman, J, Org, Chem,, 8 , 466 (1943). 

“ Claxsen and Lowman, Ber.f 21, 1149 (18^), 

19 Zbdel, ibid., 21, 2178 (1888). 

*0 Bell, J, Chem. Soc., 285 (1941). 

*iFreri, Gazz. chim. ital, 62, 457 (1932); C.A., 26, 5952 (1932); Quilioo, Oazz. 
chim. ital, 62, 503 (1932); C.A., 26, 5953 (1932). 
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from isoxazole azide by reduction (SnCU) to the amine, treatment with 
nitrous acid to form the azo compound, C 3 H 2 NO N~NOH, and con¬ 
densation of this product Avith trinitromethane. The melting point, 
when heated cautiously, is 78°. It explodes when heated rapidly or 
struck. A related compound, CaHoN—N—CXN02)3, in the aromatic 
series behaves similarly. 


Tablb II.—Properties of Some Isoxazole CVRBoxYur Acids 


Isoxazole carboxylic acid 






Substituent 

Position of 
carboxyl 
group 

M.p., 

Ester* 

M.P., 

Pr(‘p. 

Pef. 

None. 

5 

149 

K 

1 

a 

22 

5“ Methyl-. 

3 

170 d. 

M 

91 

b 

21 

3-Methyl-. 

5 

211 

! 

1 

c 

24 

5-Phenyl-. 

3 

162 

E 

52 


25 

3-Mcthyl-5-phenyl... . 

4 

189 

h: 

50 

' 

2r> 

5-Kcto. 

4 


E 

185 d. 

/ 

27 


* « »• ethyl, M =» methyl. 

« Fiom acetylene and nitric acid. 

From oxaloacetone and liydroxylamine h^drochloiide. 

*■ Fioin ethyloxaloacetone and hydioxylaminc hjdrochloiidc. 

^ Fiom eth>l benxo.vlpyiuvate and hydroxjlaniiue. 

From ethyl /S-methylamino-a-bcujsoylciotonate or etliyl bens!o.\ lacctoacotate. 

/ Fiom ctii^l ethoxy met hyienemalonate and hydioxylamine. 

2* Quimco and Fkkri, Qazz. cfiim. 69 , 930 (1029); C.A., 24 , 3484 (1930). 

23 Mumm .and Bkroell, Ber ., 46 , 3040 (1912). 

Claisgn, tbid., 42 , 60 (1907). 

Angeli, ibid., 28 , 2169 (1888). 

Benaky, ibid., 42 , 3912 (1909); BErri and Berungotszi, Oazz. chim. ital., 61 , II 230 (1921). 

Claisen and Haase, Ber., 80 , 1480 (1897); Ann., 297 , 81 (1897). 

Triphenylisoxazole and the Beckmann Rearrangement.— 

isoxazole is prepared from nitrostilbene and benzaldehyde or from ben- 
zaldehyde and phenylnitromethane with methylamine as a condensing 
agent (see page 377). It melts at 212 to 213°. A study of this compound 
furnished the first evidence^* on the trans mechanism of the Beckmann 
rearrangement. The positions of all atoms in the ring are, of course, 
fixed. Hence, the configuration of the benzoylated oxime, prepared by 
ozonization of the isoxazole, is fixed. Since the structure of the oxime 
is thus established, and the oxime is the starting point of the Beckmann 
rearrangement, the final product can come only from a trans interchange. 
Prior to this study, the rearrangement had been assumed to take place 
between groups that were on the same side, ie., by a cis change. 

** MmsEmiEiMKR, inn., 446, 205 (1926); Ber., 64, 3195, 3206 (1921); Blatt, 
Chem, Rev., 12, 215 (1933). 
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C.n.C - -CCeHfi 

N O —I'.C.Hs 


C.HbCC(0)(!.H6 i 00C(0)C,Hs 


NOR HNCeHs 


« Pioof of configuration of oxime by ozonization of the iaoxazole. R » C(0)CaH6 in the product. 
^ Beckmann rearrangement of the oxime (R=H) under the influence of PCli. 


Ozonization of 3,4-diphenyl-5-p-bromophenylisoxazole^® and 3,5- 
diphenyl-4-amsylisoxazole’^® likewiKse establish configuration of the oxime 
and confirm the idea of a trans shift. 

Synthesis of isoxazoles gives another clue to the configuration of 
oximes and the course of the Beckmann change. A single oxime each 
is obtained from 2-chloro-,*^^ 2-bromo-,*^ 2-chloro-5-nitro-,®^ or 2-bromo- 
5-nitrobenzophonone;‘‘*2 and each oxime undergoes ring closure (forms an 
indoxazene) and gives Beckmann rearrangement products in acjcordance 
with a trans mechanism. o-Aminobenzophenone oxime exists in two 
forms, only one of which, by diazotization, gives a benzisoxazole; and 


Large R - NO.C.Il . Sm 1) R - NO.((.n)(;JIv 
'* King closure. ' Beckmann re uiaiigement. 

this same oxime gives the anilide of anthranilic acid by a trans change. 

2-Chloro-^-nitrohenzaldoximc^^ should form an isoxazole if the con¬ 
figuration of the oxime is suitable, though the isoxazole is unstable and 
undergoes ring opening in the presence of the alkali reagent. Never¬ 
theless the facility of ring closure is reflected by a 53 per cent yield of 



Large R = OaNCoHa. y, ^ 

ionizable halogen in 4 hr, from the syn-form of the oxime as compared 
with none from the anti-form. The Beckmann rearrangement products 
from these two oximes must be by a trans mechanism to agree with the 
structure deduced for the oximes from these facts. 

The configuration for aldoximes can be judged also from coordination 
formulas.®^ Salicylaldoxime, for example, is sparingly soluble in water, 
is very soluble in organic solvents, and is more volatile than expected. 
It probably has the chelated structure, ^vhich has some of the appearances 
of a heterocyclic ring system. The other oxime form of salicyl- 
Kohler and Richtmybr, J, Am. Chem. Soc.^ 60, 3903 (1928). 

Meisbnheimer and Lange, Ber.y 67, 282 (1924). 

Meisenheimer and Meis, ibid.^ 67, 289 (1924). 

32 Meisenheimer, Zimmermann, and Kvmmer, Ann., 446, 205 (1926). 

33 Brady and Bishop, J. Chem. Soc.y 127, 1357 (1925). 

3.4 Brady, ibid., 105 (1931). 
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aldoxime is unknown. Dipole moments^® of the N-ethers of p-nitro- 



phenone oxime also accord with a trans mechanism. 

Isoxazoline Oxides. —Nitromethane or phenylnitromethane saturates 
the carbon-carbon double bond of benzalacetophenone and forms two 


reH6CH=-CHC(0)C6H6 + RCH 2 NO 2 


► CeHsCH -rHC(0)CflH6 

RHiNO. H 


R « H or C«H*. 


stcreoisomeric 7 -nitro kefones. Bromination yields two bromo deriva¬ 
tives for each ketone, from which elimination of hydrogen bromide gives 
a nitrocyclopropane (when nitromethane is used) or isoxazoline oxide.®® 

PhC-CC(0)Ph a PhC-CC(0)Pli Ph p—£?:|C(0)Ph 

ml-no, k " 'if so, " liku,® 

h 

« KOAc in CHsOH. 


From the four isomeric a-bromo compounds, two stereoisomeric isoxa¬ 
zoline oxides are obtained. The oxides lose water readily with concen¬ 
trated aqueous ammonia, acetyl chloride, or phosphorus pentachloride 
and form the isoxazole; hydrogen peroxide re-forms the oxide. 


H H 

PhC-CC(0)Ph 

il 


PhC=r --CC(0)Ph 
Ph<!j=N—d) 


3,4-Diphenyl-5-benzoylisoxazole is insensitive to acids, bases, and 
oxidizing agents. It behaves as an aromatic ketone in that it forms an 
oxime, a tertiary alcohol with the Grignard reagent, and a secondary 
alcohol with zinc dust and acetic acid. Chromic-acetic acid reconverts 
the ketone from the secondary alcohol. 

In ether or alcohol solution, the colorless isoxazole exists in equilibrium 
with the yellow nonheterocyclic triketone oxime, which in turn is in 
equilibrium with another colorless isoxazoline compound. In chloroform 

Sutton and Taylor, ibid., 2190 (1931). 

Kohler, J. Am. Chem. Soc., 46, 503, 1733 (1924); 60, 221 (1928); Kohler and 
Blatt, ibid,, 60, 1217 (1928); Kohler and Richtmyer, ibid., 60, 3092 (1928); 62, 
2038 (1930). 
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(XO)Ph 
Ph(^H—CH 


r(0)Ph 
Ph(3H—C 
O 


PhC 


O 


Colorless 


« Trace of acid in chloroform. 


Phr=-NOH 

Yellow 

i« Ph 

PhCll—(KO)--(X)H 


PhC^H- 


NOH 


V{0)Vh. 
Ph(^H—COH 

\ 

O 

/ 

Ph(^==rN 

Colorless 


Ph 

Ph 


H 


O 


H 


Ph 




Purple 


solution with a trace of acid, a deep purple nitrone forms, presumably 
by way of the yellow triketone oxime. The nitrones have properties 
similar to those of the isatogens (page 139). 

Anthranils. —Anthranil or 2,1-benzisoxazole®^ is obtained by reduction 
of o-nitrobcnzaldehyde by tin and acetic acid. The name is derived 


« Sn + HCl. 



from the fact that warm alkali converts it to anthranilic acid, as if the 
compound were a lactam. The compound is regarded as a benzisoxazole 
rather than a lactam because reduction of o-nitroacetophenonc, which 
cannot form a lactam, gives the methyl homologue of anthranil.The 
reduction proceeds by way of the intermediate hydroxyamino compound. 


CHa 


p. c(0)CH, r 

N c(0)rH, r 


n/?\ 

k 

k 

J o«— ► 


IN NO, r 

\ NHOH 1 

\\n/ 

l\\i/ 


Anthranil is a colorless Ijquid (Df = 1.183) that boils at 210 to 215°. 
The mercuric chloride addition compound melts at 178.5°. Like the 
other isoxazoles, it is easily cleaved. Ferrous sulfate and ammonia 
reduce it qxiantitatively to o-aminobenzaldehyde.^® Acid permanganate 
(3 per cent) converts is to 2-nitrosobenzaldehyde,^‘^ and excess perman¬ 
ganate oxidizes it to 2-nitrobenzaldehyde.^° Hydroxylamine opens the 
ring and yields the oxime of hydroxylaminobenzaldehyde, o-HONHCeHd- 

” FriedlXnder and Henriques, Bcr., 16, 2605 (1882). 

88 Bamberger, ibid., 86, 819, 839 (1903); 48, 537 (1915); J. prakt, Chem. [2], 81 
254 (1910). 

88 FriedlXnder, Ber.y 16, 2572 (1882). 

Bamberger and Fodor, ibid., 48, 3333 (1912). 
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CH=NOH. Anthranil is stable to acids but suffers conversion to 
anthranilic acid with alkali. 

An anthranil may well be an intermediate^^ in the formation of 
anthranilic acid from o-nitrotoluene and hot 70 per cent potassium 
hydroxide. The exact mechanism is unknown, but the following steps 
are rational: 



« 1,4-Adclition of KOH followf‘d by elimination of water and then of KOH to give the anthranil 
which undergoes hydrolysis to anthranilic acid. 


Formation of traces of indigo by distillation of o-nit^’oace^tophenone 
with zinc and soda lime may take place by way of an intermediate methyl 
anthranil, which then rearranges to indoxyl. 

Substituted anthranils may be obtained by the reduction method or 
by oxidation of the corresponding amino compound,^®® as shown below. 


PN NO, p 

^ r 

N NH2 

lx k 


J 

|\ C(0)C‘.H. 1 > 

r 

\ (;(0)c.H5 


CM, 

« Sn in CHaCOrH. * Permonosulfuric acid. 


Anthranils undergo diazotization in strong sulfuric acid and NaN ()2 
and couple with jS-naphthol.^^* Diazotization of 3-phenylanthranil yields 
acridone (see section on Acridone). Formation of diazonium salts 
in mineral acids proceeds through the formation of an intermediate 
nitrosopheny Ihy droxy lamine. 



N(OH)NO 

CHO 


« HNOa in 23 per cent HCl at —17®. 


Evidences for the structure of this inital product are (a) the acidic 
character; (6) the formation of an inner ferrous iron complex which is 
like that from nitrosophenylhydroxylamine, in that it is soluble in ether 
and precipitates no sulfide from an acetone-acetic acid solution containing 
hydrogen sulfide; (c) the formation of a phenylhydrazone which is acidic 

"Scholl, MonoteA., 34, 1011 (1913); Lock, Ber,, 78, 1377 (1940).. 

" Bamberger and Elgar, ibid,, 36, 1611 (1903). 

Bamberger, ibid., 42, 1707 (1909). 

Bamberger and Lindberg, Ber,, 42, 1723 (1909). 

"Bamberger and Lublin, ibid., 42, 1676 (1909), 
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and forms a ferro complex; (d) the formation of a diazonium salt with 
acids; and (e) a conversion to an azoxybenzaldehyde. The steps to 
the diazonium salt are represented by a series of equations analogous 
to the behavior of nitrosophenylliydroxylamine. 

2HN(OH)NO + 2Ha KNzCl + UNO -f HNO 2 + H.O 
u - oncv,H4-. 

The nitrous acid formed in this step reacts with more nitrosohydroxyl- 
amine as follows: 


RN(OH)NO + HNO2 IIN2NO3 4 - H20 
The over-all equation is: 

3 RN(()H)NO -f HOI RNjCn -h RNaNOg -f RNO + 2H2O 

THIAZOLES 

Thiazoles are found in nature and are readily prepared in the labora¬ 
tory by methods outlined in the previous chapter. Many compounds 
have attained commercial importance. 

2-Aminothiazole (m.p. 90®) is an intermediate in the preparation 

of sulfathiazolc. It is obtained by boiling an aqueous suspension of 
thiourea and a,i5-dichloroethyl ether/® the latter reagent being one that 
furnishes chloroacetaldehyde in situ, Diazotization^® of the com¬ 
pound by alkali or alkyl nitrites in hydrochloric or hydrobromic acids 
gives unstable diazonium salts that decompose and yield 2-chloro- or 
2 -bromo-thiazole. 

Sulfaihiazole is one of the important members of the series of sulfa 
drugs.It is prepared from 2-aminothiazole by reaction with p-amino- 
benzenesulfonyl chloride.^® It melts at 202 to 202.5® (corr.) and dis¬ 
solves slightly in water. The sodium salt melts at 264.5 to 265® (corr.). 

The theory of its action, and also of other members of the sulfa series, 
is that bacteria absorb p-aminobenzoic acid for growth and reproduction, 
but that their absorption apparatus cannot differentiate between the 
acid and a sulfonamide. The latter will not, however, substitute in 
the enzymatic process leading to multiplication. Hence the bacteria do 
not multiply and the normal reagents in the body can destroy the com¬ 
paratively small number present. The most active sulfa agent is, there¬ 
fore, the one most similar in molecular structure and electric-charge 
distribution to the p-aminobenzoate ion. The activity of the sulfanila- 

Tbaumann, Ann., 249, 35 (1888). 

Morgan and Morrow, /. Chem, Soc., 107, 1293 (1916). 

^^Northby, Chem, Rev., 27, 85 (1940); Ind. Eng. Chem., 86, 829 (1943). 

Fosbinder and Wai/ter, J. Am. Chem. Soc,, 61, 2032 (1939); Lott and Bbrqum, 
ibid., 3593. 
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mides is, indeed, shown to be related to the acid dissociation constant 
of the amide/® 

Sulfasuxidine is the N-succinyl derivative of sulfathiazolc, HOOCCH 2 - 
CH2C(0)NHC6H4S02NHCsH2NS. 

4-MethyU5-{fi-hydroxyethyr)-thiazolef CeHgNSO, is the thiazole half 
of thiamine chloride (vitamin Bi, see page 486). It boils at 93 to 95°/2 
mm. and is a hygroscopic crystalline material, the picrate of which 
melts at 162®. It is obtained from the vitamin by sulfite cleavage. 
The presence of a thiazole nucleus is demonstrated by characteristic 
absorption spectra, resistance to alkaline plumbite, and oxidation with 
bromine water to sulfuric acid. An alcoholic function is present. Oxida¬ 
tion with nitric acid gives 4-methylthiazole-5-carboxylic acid. 

Two methods of synthesis from ethyl acetoacetate^^'®^ are shown below. 


' CHsCO 
ElO(CH2)2(^Cl 


CH, 

iitO(rii2)2' 



CHjOO 


CHsCHjici 

h -io 


® The starting material is prepared from ethyl acetoaceiate, sodium ethoxido, and | 8 -bromoothyl 
ether followed by thionyl chloride- Subsequent treatments aie with thioutea followed by conversion 
of the ethei to a chloride by HCll at 150® and hydrolysi-s of the chloiido with wat<*r at 150®. 

The starting material is prepaied from ethyl acetoacetate, sodium ethoxide, and ethylene oxide, 
followed by thionyl chloiido. Subsequent tieatments aio with concentrated HCl to hydrolyze the 
lactone and simultaneously eliminate the caiboxyl group, and with thiourea to form the thiazole ring. 


^•{^-MeihylihiazolyU^yalanim .—This compound®®® may be a precursor 
of the thiazole half of thiamine, if a compound of the tryptophan type 
is assumed to be present in nature. The steps in the synthesis include 
a novel formation of an aldehyde by decomposition of the benzenesulfonyl 
derivative of the hydrazide and the conventional synthesis of an a-amino 
acid by way of the azlactone. 


D CO 2 CH 8 « 8-6 8— .iCHaCHCOaH 

CH. -’OoH.-’kJ 

« The starting compound is prepared from methyl acetoacetate and thionyl chloride followed by 
reaction with thioformamide. A sequence of treatments with H 2 NNH 2 , C 6 H 68 O 2 CI, and Na 2 COs con- 
^ verts it to the aldehyde. Method of McFadyen and Stevens, J. Chem. Soc,, 584 (1930). 

^ Conversion to the amino acid by the azlactone synthesis. 


Penicillin ,—This compound, produced by a mold, is a thiazolidin 
that has either the lactone or an incipient azlactone structure,®®® shown 
respectively as the sodium salts, below. 

** Bell and Eoblin, idtd., 64, 2905 (1942); see, however, Henry, Bad, Revs', 
7175 (1943). 

Williams, Waterman, Kbbbsztbsy, and Buchman, J, Am, Chem, Soc,, 67, 
536 (1935). 

Clarke and Gtjrin, ibid,, 67, 1876 (1935). 

Buchman, ibid,^ 68 , 1803 (1936). 

Buchman and Eichardson, ibid,, 61, 891 (1939). 

OoiHinittee on Medical Eesearch, O.S.E.D., Science, 120, 627 (1945). 
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(CH,), 

HCOjNa 



(CH,), 

HCOjNa 


The R may be a A*-pentpnyI, n-aiiiyl, n-heptyl, benzyl, or a p-hydroxybenzyl radical dct)endiiig on the 
source of the compound. 


Hydrolytic cleavage of the amide system forms a dicarboxylic a(jid, 
penicilloic acid, that has an unstable carboxyl group. Hot dilute 
mineral acid liberates carbon dioxide and gives penaldic acid, penicil¬ 
lamine, which is d-/3,/3-dimethylcysteine, and an aldehyde that comes 
from the decarboxylation of penaldic acid, RC(0)NHCH(C02H)CH0. 
When the ring is opened by methanol cleavage, the methyl ester of the 
acid is obtained. Benzylamine gives a monobenzylamine salt of the 
monobenzyl amide of a dicarboxylic acid, and this compound in turn is 
degraded by mercuric chloride to penicillamine and the benzylamide of 
penaldic acid benzylamide. Catalytic hydrogenation of this last com¬ 
pound gives RC(0)NHCH(CH20H)C(0)NHC7 Hi8 . 

Thiazolyl Chlorides and Related Compounds, —Chlorides, comparable 
to benzyl chloride, are made by condensation of dichloroacetonc®^ with 
thioamides. 

CICE 2 CO H 2 N 

1 + I 

EiCci sen 

R »■ alkyl, phenyl, anisyl. 

The 2-alkyl compounds of this type polymerize®*^ spontaneously to a solid 
which is probably a piperazine. The halogen reacts®® with ammonia, 
potassium phthalimide, diethyl sodiomalonate, and like reagents. 
Ethyl 2-phenylthiazole-4-/S-propionate, derived from a chloride of the 
above type, forms the starting point for conversion to an ethyl amine 
by a series of reactions that are general for preparing the physiologically 
active /^-substituted ethyl amines. 

RTCH 2 C 1 4 RTCH 2 CH 2 CO 2 H 4 rt(ch2)2Nhc(0)nh2 4 rt(ch2)2NH2 

R **» CsHf; T «= thiazole nucleus. 

“ Reaction with NaCH (C02Et)8 followed by saponification and partial decarboxylation. 

* Conversion to the urea compound by way of the ester, hydrazido, azidr, and heat. 

« Hydrolysis by means of phthalie anhydride followed by hydiolysis of the phthaliinide. 

Rhodanine^ 2-mercaptothiazolidone-4, is conveniently obtained®^ from 
ammonium dithiocarbamate (CS2 + NH3) and sodium chloroacetate, or 

**SuTE» and Johnson, Rec. irav, chim., 49, 1066 (1930). 

w Hooper and Johnson, J, Am, Chem, 80 c., 56, 470 (1934). 

M Hineoaroner and Johnson, ibid,, 52, 3724 (1930). , 

•’Julian and Sturgis, J, Am, Chem, Boc,, 57, 1126 (1935). 
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less readily from thioglycolic acid and thiocyanic acid. The pale yellow 
crystals melt at 168 to 170® and dissolve in hot water, alcohol, or ether. 
The acidity {Ka at 25° = 3 X 10“*®) is sufficient to permit titration by 
alkali with phenophthalein as an indicator. It forms yellow-colored 
salts with copper, mercury, silver, gold, palladium, and platinum. 

Rhodanine has an active methylene group and therefore condenses 
readily under the influence of acetic anhydride and sodium acetate with 
compounds that have an active carbonyl group (see list in Table III). 


Table III.— (condensation Products of Rhodanine with Aldehydes 


i 

Compounds*** 

M.p., 

°(\ 

C'oinpounds*® 

Sintering 
or decom¬ 
position 
point, 

Acetaldehyde. 

143 

Benzaldehyd(‘ 

200 

(yFotonaldehydo. 

189 

Furfuraldohvdo. 

204 

Isovalerylaldehyde. 

83 

Anisald(‘hydo. 

130-142 

Phenylacetaldehyde. 

217 

Piperonal. 

245 

Glyoxylic acid. 

225 d. 

Diincthylaminobenzaldohyde. . 

200 


The yellow compounds thus derived from aliphatic aldehydes melt 
sharply, those from aromatic aldehydes usually sinter and decompose. 
The dimethylaminobenzylidene compound gives colors with copper,®® 
mercury, .and silver salts.®^ The color is one of the most sensitive tests 
for silver. 

The condensation products with isatin,®^^ phenanthraquinone,®® 
alloxan,®* thioisatinanilide,®^ and p-nitrosodimethylaniline®® are generally 
darker than those with the aldehydes, particularly in the case of the 
isatin derivatives, which are red-brown to black. 

Oxidation of rhodanine with ferric chloride gives rhodanine red,®®" 
CgHsOsNaSs, a trimeric condensation product, the formation of which 
may involve the active methylene group (compare with indoxyl) and 
the sulfhydryl group. 

Rhodanine and 5-8ubstituted rhodanines are sources of open-chain 

»*GrXnacher, Gero, Ofner, Kloffenstbin, and Sciiallek, IJelv. Chim. Acta, 6, 
458 (1923). 

Andreasch and Zipsbr, ManatsLj 24, 499 (1903); 26, 1191 (1905). 

Kolthoff, J. Am, Chem, Soc.y 52, 2222 (1930). 

Feigl, Z, anal. Chem., 74, 380 (1928). 

Andreasch, Manatsh.j 38, 121 (1917). 

«* Butscher, ihid.j 32, 96 (1911). 

Felix and Friedlandeb, ibid.^ 31, 55 (1910), 

« KuCbra, ibid., 35, 137 (1914). 

Nenski, J, prakt, Chem. [2], 16, 1 (1877). 
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compounds. Alkali opens the ring and forms an a-thiohydroxy 
unsaturated acid that exists in eciuilibrium with the keto form. This 
compound, in turn, undergoes a number of transformations as shown 
below. 


« NaOH or Ba(OH)-.. 


-CS 

HO)~-NII 


m 

► I 


SH 

rcjh-=(':;(^02H 

IT 

s 

R(^H2(XX)J1 


(C 02 H)S*~-B( ^ (( X) 2 H ) —CUR 
RCH2CU2C02R 

4 RCH2CH(SH)C02H 
RCH2(X==^NOH)CO«n 


[ -^RCH2CK~NC6H6)(«02H 

« KoCla. »'Zii4-H(M. '• NuHg. ** H»N01I. J*henylhydrazine and liydrazine Rive flimilar 

l)n>du('t.s. ('i.HsNHa. 

The oxime derivative, in turn, imdergoes additional useful chemical 
c.lianges. 


RC^HaCCOiH^ 

km I 

« HCl + HaCO. h AC2O. < NaHg. 


► RC:H2C(0)C02H 

► RCHaCJ—N 

► RCH2CH(NH2)(X)2H 


Besides its value as a reagent for preparing noncyclic compounds, rhoda- 
nine is useful in making chemical sensitizers for emulsions. 

N-phenylrhodanine is derived from phenylisothiocyanate and thio- 
glycolic acid (see page 430). The yellow colored compound melts at 
194 to 195°. It is insoluble in water and ligroin, slightly soluble in 

Tablk IV.— (Condensation Products of Aromatic Aldehydes with N-phenyl- 

AND N-ALLYLRHODANINE 


Aldehyde 


From From 

N-phenylrhodanine, N-allylrhodanine, 
m.p., ®C. m.p., ®C. 
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ether, and easily soluble in hot acetone, chloroform, and acetic acid. 
It possesses the general properties of rhodanine, such as ring opening, 
although, of course, it lacks the high acidity of the parent compound. 
The condensation products with aldehydes (Table IV) melt at lower 
temperatures than do the corresponding compounds from rhodanine 
because hydrogen bonding is no longer possible.®®^ 

Dialkylthiazolones and Related Compounds. —These compounds®^ 
(2,4-dioxo-5,5'-dialkylthiazolidines) have some structural similarity 
(see below) to the dialkylbarbiturates and possess also some hypnotic 


OC-NH 

LsJ 

Thiazolones 


OC-NH 

RjC*; ('■'o 

0(^:-NH 

Barbiturates 


activity. Compounds of this type are prepared by the condensation 
of dialkyIbromoacetic acids and thiourea as shown in the first of the 
equations below. Similar condensations, which employ ammonium 
dithiocarbamate (from carbon disulfide and ammonia) and guanidine, 
with appropriate amides or esters, give related derivatives of rhodanine 
and oxazolidine. 


RiCBr 

oiNHa 


K 2 


w 


0l_N- 

H 

B^COH 

0(^^>0Kt 


-^NH 

R 2 

b 

—> 

o 



R2 


o 



s 


« HsNO(S)NHa or H«NC(S)SH, reapectively. The first product is hydrolyzed readily. ^ HsNC 
(-=NH)NU2. 


Benzothiazole (b.p. 231® (corr.)/760 mm.) is obtained from o-amino- 
thiophenol and aqueous formaldehyde.®* It is difficultly soluble in 
water, but easily soluble in alcohol and carbon disulfide. It is unaffected 
by heating with copper.®® Phosphorus pentachloride at ICO® forms the 
2-chloro-derivative,®® nitric-sulfuric acid^® gives the 6-nitro product, 
fuming sulfuric acid yields the 4-, 6-, and 7-sulfonic acids, hydroxyl 

Andbeasch and Zipskr, Monatsk.^ 24, 499 (1903); 26, 1191 (1905); Naoele, 
ihid.j 83, 941 (1912); Holmbebg and Psilandebhieln, /. prakt. Chem, [2], 82, 440 
(1910). 

«^Eblenmbyer and v. Meyenburg, Helv, Chim, Acta, 20, 1388 (1937); Erlbn- 
MEYER and Kleiber, ibid., 21, 111 (1938). 

«»Bogert and Stull, /. Am, Chem. Soc,, 47, 3078 (1925); Hofmann, Ber., 18, 
JS (1880). f 

Boqert and Hustbd, J, Am, Chem. Soc,, 54, 3395 (1932). 

Jacobson and Kwayssbr, Ann,, 277, 237 (1893). 

Rassow, Dohle, and Reim, J, prakt, Chem, [2], 98, 183 (1916). 
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amine^^ or sodamide’® forms the 2-amino compound, and benzoyl chlo¬ 
ride and sodium hydroxide cleave the compound to N-dibenz()yl-2-amino- 
thiophenoL Benzothiazole causes a dermititis similar to that of poison 
ivy. Blondes appear more susceptible than brunettes to its action.®® 
a-Naphthothiazoles^^ form more readily than the corresponding benzo- 
thiazoles. For example, the ratio of yields of the 2-chloro-derivative 
from the arylthiocarbimides and phosphorus pentachloride is 62 :15, and 
that of the 2-ethoxy product from arylthiourethanes by oxidation with 
potassium ferricyanide is 60:40. Moreover, if 5-phenyl-i9-naphthyl- 
thiocarbamide is treated with bromine, the product is exclusively 1-ani- 
line-a-naphthothiazole with, no trace of the isomeric benzothiazole. 

2rPhenylhenzothiazolG (m.p. 115®) can be prepared by oxidation of the 
thioanilide of benzoic acid. The compound has the odor of tea roses. 



HSx 


/ 


C—CeHt 


K»Fe(CN)6 



C—CeH, + H2O 


The p-tolyl homologue (m.p. 85°) has a similar but fainter odor.^® 

Dehydrothiotoluidinc^^ is obtained as one of the products of heating 
p-toluidine with sulfur at 180°. It molts at 190 to 191° and boils at 434° 
with very little decomposition. It is very soluble in acetic acid, moder¬ 
ately so in hot amyl alcohol, less so in ethyl alcohol, and sparingly soluble 
in benzene. Its alcoholic and aqueous solutions have a beautiful violet- 
blue fluorescence. The dihydrochloride is obtained from hydrochloric 
acid, Dehydrothiotoluidine irritates the skin of some people. The 
compound is the source of several dyes such as Columbia yellow or 



thioflavine T. 

Primuline base^^ is formed simultaneously with dehydrothiotoluidine 
and can be obtained from the latter by fusion with more sulfur. It is a 
higher molecular weight product of the same type as dehydrothiotoluidine. 
The bright yellow powder is nearly insoluble in all solvents. It may be 
heated to 400° without decomposition. Sulfonation converts it to an 
aminosulfonic acid which dissolves in hot water. This sulfonated product 

”Skbaup, Ann.j 419, 1 (1919). 

^*OcHiAi and Nisizawa, /. Pharm. Soc, Japan^ 60, 132 (1940); C,A.j 84, 5082 
(1940). 

Hunter and Jones, J, Chem. Soc., 941 (1930). 

Booebt and Meyer, Am. Chem. Soc., 44, 1568 (1922). 

Green, J. Chem. Soc., 66, 227 (1889); Ber., 82, 968 (1889). 

Green, J. 80 c, Chem. Ind.y 7, 180 (1888). 
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dyes unmordanted cotton a primrose yellow color. Hence name, 
from primula, the primrose. While combined on the fiber, it can be 
diazotized and coupled with phenols and amines to give azo colors. 
Because they are produced on the fiber, they are called ''ingrain colors. 
All such ingrain colors are reduced to the original primulin by boiling 
with a solution of sodium hydrosulfite. 

Columbia yellow is the azo dye derived from dehydrothiotoluidine 
by sulfonation and oxidation. The dye is known by a number of 
names such as chloramine yellow, Schultz No. 617. It is prepared 
from the sodium sulfonate of dehydrothiotoluidine and sodium hypo¬ 
chlorite.^® Dyes made from dchydrothio-m-xylidine and dehydro- 


NaOaS 




SOaNa 

CHa 


thiopseudocumidine give redder shades. 

Structures of the type of Columbia yellow can be made by the inde¬ 
pendent and confirmatory synthesis^^ shown below. 



« HNOa, li, Na.'Si in hot alcoholic solution (this process is common in the preparation of o-thio- 
phenols). » Zn dust m boilmR CHjCOiH, p-NOzCsH^COCl at 200°, Sn + HCl, H 2 SO 4 . This final 
product is converted to the azo dye, R—N=N—R (R = Ci4lIioNS208) b> tieatment with NaOClin 
Na 2 C 03 solution. 


2-Aminobenzothiazole is prepared by the action of bromine, on 
phenylthiourea or of alcoholic ammonia at elevated temperature on 
2-chlorobenzothiazole. The compound has an interesting tautomerism. 
Methylation with methyl iodide takes place on the ring nitrogen, for the 


C 6 H 4 —:N-=C—NH 2 CeH4—N(H)—C=NH 


product is identical with that produced from as-methylphenylthiocarba- 
mide and brominediazotization and coupling with ^S-naphthol takes place 
at the 2-amino group. 2-Aminobenzothiazoles cause local anesthesia.®^ 
Paper impregnated with 2-aminobenzothiazoles is used in legal docu¬ 
ments or checks as safety paper because ink eradicators, which usually 
contain sodium hypochlorite, develop a red-colored blot almost instantly 


BoGifiiiT, Proc. Nat. Acad. Sd., 10, 318 (1924). 

Bogert and Allen, Ind. Eng. Ckem.y 18, 532 (1926), 

Hunter, J. Chem. Soc.y 1386 (1926). 

Rose, Shonle, and Chen, Pharm. Arch.y 11, 81 (1940); C.A., 85, 1522 (1941). 
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when applied. The color is caused by an azo dye,®- analogous to Columbia 
yellow. The acetyl or benzoyl derivatives of aminobenzothiazole will 


I I -f NaOCl 

C 6 H 4 ~“N-=r—NHs 


.-S - 


r 


S- 


C=N—C6H4 


not form the color; but the 2-acetylamino-G-methylbonzothiazole con¬ 
tinues to give a characteristic red-brown precipitate, presumably because 
the acetyl group is removed in the alkaline solution. 

An independent synthesis,®'^ which comprises the steps—2-amiiu)- 
benzothiazoles to the diazonium fluoborates, to the 2-nitro compounds, to 
the amino compounds, to the azo dyes—confirms the structure of these 
dyes. Reduction of the nitro compound {a) by tin and hydrochloric 
acid gives the original amine and (5) by dextrose gives the azoxy product. 

HTNH 2 -> RTN 2 BF 4 RTNO 2 RTNH 2 RTN=-NTR 

T benaothiazole nucleus. R * 6-methyl, 4-methyl, 6-ethoxy, 0-chloro, or 6-l>iom<>. 


Cyanine Dyes in the Thiazole Series. —Cyanine dyes result when 
benzothiazole ethiodide is heated with 2-methylbenzothiazolo ethiodide 
in pyridine. A mixture of a yellow-colored thiacyanine {A) and, in 
smaller amount, a .purple-colored thiacarbocyanine {B) (R=H) is 
obtained.®* The extra carbon atoms in the carbocyanine salt come from 
\ A 



/S\ 

C^C'H—C 

liit hi 

3,3'-Diethylthiacyaiiine iodide 


+ 

1 - 


B 



\n/ 


C=CH—C(R)=(^H—CJ 


Et 



I- 


3,3'-Diethylthiacarbocyanine 

iodide 


decomposition (breaking out of the substituted 2-carbon atom) of the 
benzothiazole salt.®"^ If the 2-methylbenzothiazole ethiodide is heated 
alone, a different thiacarbocyanine dye is obtained, one with a side 
methyl group (R—CHa, in B). The constitution of A is established®* 
by a sequence of reactions from o-aminophenyl mercaptan. 


|\nh, 1 \ 


/®\ H, 

c—c—• 
\n/ 

Et I- 


'\n/I 

Et I- 


1“ L 



0 H«C(C02£t)s, £tl at 100^ in order to form the diethiodido salt. ^ 1C per cent NaOH in order to 
eliminate HI, £tl at 100^. 


**Kirk, Johnson, and Blomquist, /. Org, Chem.^ 8, 557 (1943). 
« Mills, J. Ch&m, Soc,, 121, 455 (1922). 

Brooxeb and White, J. Am, Chem, Soc.j 57, 547 (1935). 
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The thiacarbocy anines are obtained by heating 2-methylbenzothiazole 
ethiodide or, better, the etho-p-toluenesulfonate in anhydrous pyridine, 
preferably with some triethylamine or piperidine. 

2-‘MeihylthiazolineSj prepared by treatment of N-acyl-2-aminoethanol 
with phosphorus pentasulfide, have a methyl group activated by an 
adjacent C==N system. Hence the methyl group is active enough to 
undergo the common cyanine dye formations when the quaternary 
salt is heated in the presence of triethylamine with 2-iodoquinoline 
ethiodide, 2-iodopyridine ethiodide, or with 3-iodobenzo[/]quinoline 
ethiodide.®® The con*esponding cyanine iodide products are indicated 
below and are called 



r,3-diethylthiazolino-2'-cyanine iodide, 1 ',3-diethylthiazolino-2'-pyrido- 
cyanine iodide, and l',3-diethyl-5',6'-benzothiazolino-2'-cyanine iodide, 
respectively. 2-Methylthiazoline ethiodide condenses with ethyl ortho¬ 
formate. The product is 3,3'-dicthylthiazolinocarbocyanine iodide. 


H2 


/«\ 


/' 


s- 


c=-CH— c:h=C’H— c: 

'N/ '^N'' 


Et 


Et 


H2 

H2 


I- 


When 2-methylbenzothiazole ethiodide and dinitrophenylpyridinium 
chloride are boiled together with alcoholic sodium alkoxide for a short 
time, a 3,3'-diethylthiatricarbocyanine iodide is formed.®® The pyri- 
dinium salt acts so as to provide glutaconaldehyde in situ. The reaction 
is shown below. 


R 


\n/ 

Et I 


CCHs 


R 


/«\ 

\n/ 

Et 


H 

/^\ 

HC CH 


.C=CH—Hi=( 


HC=CH—(; 


/«\ 

\n/! 

Et 


R 


I- 


« Heated with alcoholic sodium alkoxide and 2,4*dinitrophenylpyridinium chloride. See page ! 
for the formation of glutaconaldehyde. 


“ Brookeb, ibid., 68, 662 (1936). 

•* Fishes and Haubr, J. Chem. Soc., 189 (1933). 
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Unsymmetrical azo dyes®^ of a similar type can be obtained by the 
reaction shown below. 



The N-ethylbenzthiazolono hydrazone is prepared from Pihylphonylthiourea, (l^eHftNCCzHs) 
C(S)NH 2 ), and bromine in chloroform, followed by treatment of the product with sodium nitiitc and 
reduction of the diazonium compound with zinc dust and acetic acid. Thi.s hydrazone is then condensed 
(o) with an anil of the aldehyde froni quinaldine inethiodeby heating in aqueous jwrchloric acid solution. 
The anil is prepared from the reaction of quinaldiuc methiodidc and p-nitrosodimcthylaniline in the 
presence of piperidine. 


2-Mercaptohenzothi azole .—This compound, known commonly as 
Captax, was first made^® in 1887 in an attempt to prepare a thiocar- 
banilide derivative from carbon disulfide and o-aminophenol. Its use 
as a vulcanization accelerator®^ came from the discovery that the product 
of reaction between thiocarbanilide, an accelerator, and sulfur was itself 
a valuable accelerator. This thiazole compound has now come to be 
one of the important agents in accelerating vulcanization. 

The numerous methods for preparation of 2-mercaptobenzothiazole 
emphasize the great tendency for the thiazole ring to form. Aniline, 
carbon disulfide, and sulfur at 200 to 275®,®° aniline, formamide, and sulfur®^ 
at 195®, zinc aryldithiocarbamatc, (C 6 H 5 NHC(S)S) 2 Zn, and sulfur®^ pro¬ 
duce the compound probably through an ortho thiol derivative as an 
intermediate. Thiocarbanilide, (C 8 H 5 NH) 2 CS, and sulfur®® have been 
used. Azobenzene®® and carbon disulfide at 200 to 270® also form the 
compound. The preparation from 2-chlorobenzothiazole and sodium 
sulfide locates the position of the mercapto group. 

The compound melts at 179® and undergoes the usual reactions of a 
thiol. Oxidation®® with potassium dichromate gives a disulfide C7H4- 
NS'S—S-CtHaNS, methylation yields the S-methyl thio ether, fusion®® 
with potassium hydroxide give o-aminophenol, treatment of the ammo¬ 
nium salt with ammonium zincate gives the «inc salt, reaction of an 

8 ^ Fuchs and Granaug, Ber,, 61, 57 (1928). 

88 Hofmann, ibid., 20, 1788 (1887). 

8 ® For accounts of organic accelerators sec Gker and Bradford, Ind. Eng. Chem., 
17, 393 (1925); Shepard, ihid.j 26, 35 (1933); Trumbull, ihid.f 25, 230 (1933); 
Oenslager, tbid.f 26, 232 (1933). 

British patent 335,567 (1929); C.A., 26, 1539 (1931). U. S. patent 1,911,716 
(1938); C.A., 27, 3952 (1933). 

• 8^Sebrell and Booed, J. Am, Chem, Soc,, 46, 2390 (1923); Magel, Ind. Eng, 
Chem,, 26, 611 (1934). 

88 Bedford and Sebrell, ibid., 13, 1034 (1921). 

8 * Jacobson and Grankbnbaceer, Ber,, 24, 1400 (1891). 



438 


THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS 


alcoholic solution with a soluble lead salt gives the lead salt.®^ Its role 
in vulcanization may be to promote a change of sulfur to an active state. 
Numerous derivatives such as the hydroxymethyl, RSCH2OH (R== 
C7H4NS), the phenylaminomethyl, RSCH 2 NHC 6 H 6 , the benzoyl, 
RSCOCeHs, the disulfide RSSR, and the zinc salt have been tested 
also as accelerators. 

2fi-Diph€nylhenzoA,2j'!^^A-histhiazole ,—This condensed system (m.p. 
232 to 234®) is prepared by conventional processes from p-phenylene 
diamine by way of p-phenylene-2,5-di(thiosulfonic acid).®^ Steps are 
shown below. 


0 NH 2 « ns(02)s 

HoN 



NH 2 

S(02)SH 



CR 

\s/ 


R - C(Hs. 

^ Alkaline Bolution of sodium thionulfatc and sodium chromate. ^ Condensation with bensaldehydc. 


If acetic anhydride and sulfuric acid had been used in place of benzalde- 
hyde, the product would have been a dimethyl-substituted compound 
(m.p. 98 to 100®). Nitrous acid and the dithiosulfonic acid give the 
di-diazosulfide which melts at 224 to 226® d. and explodes with violence 
above that temperature. 

Saccharin is a nontoxic and nonnutritive sweetening agent, which is 
used as a substitute for sugar, particularly by diabetic patients. It was 
discovered in the course of a study by Remsen and Fahlberg when the 
latter happened to eat without washing his hands and observed an unusu¬ 
ally sw^eet taste in the bread that he handled. The compound is prepared 
by treatment of o-toluenesulfonyl chloride and ammonium carbonate 
with steam and then oxidization of the sulfonamide with potassium 
permanganate. It is purified by solution in alkali and reprecipitation 
with acid. 


Rl^RO-RC 

O 2 


« (NHOaCOa and steam. ^ EMnOa. 


\h 


Methyl- and ethyl-saccharins®® have a taste comparable to saccharin. 
6-Amino8accharin is sweeter; 6-nitrosaccharin is extremely bitter. 
The taste of a number of compounds whose structure bears some relation 
to that of saccharin is indicated below. 

Green and Perkin, /. Chem, Soc., $8, 1201 (1903). 

»» Dyson, Chem, Age {London), 11, 572 (1924). 
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L/ NH K NH I K NH 

l\\c^ '^\s/ 

Tasteless Half, as BitU'r 


Half, as 
swoot as 
saccharin 


HN 




\0 

K NH HN PC Nil 


\«/i ^Xs/ 

^O, 

Bitter 


Large R represents CbH 4 or Calli. 


\( 

°t)2 

Sweetish 
astringent 


The sweetness of saccharin, compared with sugar, increases with 
dilution.®® It is 190 times as sweet at 5 parts to 6,400 and 675 times as 
sweet at 5 parts to 204,800. 

PYRAZOLE COMPOUNDS 

The first pyrazole compound was prepared by Knorr,®^ in 1883, from 
phenylhydrazinc and a /S-keto ester. The presence of nitrogen suggested 
a relationship to quinine and led to tests on the antifebril properties of 
some of its derivatives. The discovery in 1884 of the important medicinal, 
antipyrin, created a great interest in this field which continues even 
today. The total number of pyrazole comi>ounds is, accordingly, very 
large. 

» Dimethylpyrazole is obtained by condensing acetylacetone with 
hydrazine hydrate.®® It melts at 107° and boils at 220° (corr.). The 
compound has some interest in quantitative analysis because it forms a 
beautiful purple precipitate with cobalt from a slightly alkaline solution.®® 

Acyl Pyrazoles. —3-Substituted or unsymmetrically 3,5-disubstituted 
pyrazolcs form two acetyl compounds.^®® The stable isomer is prepared 
from the reaction of a substituted pyrazole with acetyl chloride in pyridine 
for an hour at ice temperature and then at room temperature; the labile 
one is obtained from the reaction of a 1,3-diketone in a concentrated 
alcoholic solution with the acethydrazide for 3 hr. at 40 to 50°, followed 
by treatment in the cold of the hydrazone with phosphoryl chloride. 
The labile compound may sometimes be converted to the stable one by 
boiling under diminished pressure for 15 or 20 min. and then distilling. 
The melting points of some of these N-substituted compounds are shown 
below. 

Maqipson and Gorbachov, Her., 56, 1810 (1923). 

Knorr, D. R. P. 26,429; Her., 16, 2697 (1883). 

Knorr and Rosengarten, Awn., 279, 237 (1894). 

Heim, Ind. Eng, Chem., Anal, Ed,^ 2 , 38 (1930). 

1 ®® V. Attwers and Dietrich, J. prahU Chem.j 189, 65 (1934). 
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! 

CH--1 

II 

,-C^H 

II 

R 

C%H6C~-N--N===CCH8 

1 

C6H6C=N—N—CCHa 

1 


R 

A 

C^HaCCO). 

45.5-46.5 

4r 

CHaCHaCXO). 

33-34 

77-78.5 

0HaCH2CH2C(0). 

34-35.5 

72-72.5 

CeH5CH2C(0). 

104.5-105.5 

58-59.5 

C«H.0C(0). 

65-66 

73.5-74.5 

CJI.C(O). 

88-90 

83-84 

0-CH3C6H4C(0). 

63-65 

36.5-37.5 

m-CH3C6H4C(0). 

79-80 

56-57 

p.CH8CeH4C(0). 

83-85 

68-70 

o-N020H,C«H4C(0). 

157-157.5 

107-108 

HaNCXO). 


154-156*’ 


Chloroacetyl'pyrazolcj like many other chloroacetyl compounds, is a 
powerful lachrymator.'®^ It is prepared from N-pyrazolemagnesium 
halide with chloracetyl chloride at 60°. 

Pyrazole Carboxylic Adds, —The general processes for obtaining 
pyrazole carboxylic acids or the corresponding esters are by condensation 
of a hydrazine with an acetyl, benzoyl, or other derivative of ethyl 
acetoacetate, by addition of a hydrazine to an ethylidene derivative of 
ethyl acetoacetate or like compound, by oxidation of a side chain, or by, 
other standard methods. A number of acids are listed in Table V, in 
order to show some common types and to illustrate the methods of 
preparation. 

^-Nitro-b-{Z-pyridyiypyrazole is formed as a by-product in about 
5 per cent yield during the nitric acid oxidation of nicotine to nicotinic 
acid. A possible sequence of key compounds, shown below, may account 
for the occurrence of this by-product. 



R *■ 3-pyridyl radical. 

^ Nitric acid is assumed to oxidize the methyl group to a carboxyl group. Loss of carboxyl gives 
a secondary amine which forms an N-nitroso compound. An intramolecular condensation gives a 
bioyclic product. A series of oxidation, decarboxylation, and nitration can be assumed to occur. 

The pyrazole ring is probably formed without prior rupture of the cyclic 
structure. Otherwise nicotinic acid would be formed. 

Pyrazolinea of the 3-alkylamino type have some interest as local 
anesthetics. 1-Phenyl-5-p-anigyl-3-i3-piperidinoetlQrlpyrazoline and 

Minooia and If^oBAvriA, Gaxz. chim. ital, 64 , 279 (1934). 

1“ GotroH and King, J. Chem. Soe., 2968 (1931); 2768 (1932); 360 (1933). 
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TaBLK V. ■ (JaKBOXYIJC A<'1I>K in THK PyBAZOLB IfiERIEK 


—Carboxylic acid 


N-i*yrazole. 

Pyraz ole-3-. 

Pyrazolc-4-. 

S-Methylpyruzole-S-. 

4-Methylpyrazolo-3-. 

3- Methylpyrazol('-4-. 

3,5- Di iiiethyl i >y raz ole-4-. 

Pyrazole-3,4-di-. 

Pyrazol«-3,5-di. 

Pyrazole-3,4,5-tri. 

l-Phcnyli)yrazole-3-. 

1 -Phenylpyrazolo-4-. 

l-Pheiiyli)yrazole-5-. 

l-Phenyl-r)-methylpyrazolo-3. 

l-Pheiiyl-4-methylpyruzole"3. 

l-Plienyl-3-Tnethylpyi‘azolc-4. 

1 - Pheuyl-5-miethylpyrazole-4. 

1 -Phenyl-3-iiiethylpyiazole-r». 

l-Phcnyl-S,5-diinethyl-jjyi'azol(5-4-. 

l-Phenylpyrazole-3,4-di-. 

l-Pheriylpyra«ole-3,5-di-. 

1 -Phonylpyrazolo-4,5-di-. 

4- Phenylpyrazole-3,5-di-. 

,*) (3) - Phony Ipy raz ol e-3,4 (4,5) -d i-. 

1 - Phony 1-5-me th.\ lpyraz olo-3,4 -d i. 

l-Phonyl-3,4,5-tri-. 

1.3- Diphouyl-5-methyl-py razolo-4-. 

1.3- Dii)henylpyrazolc-4,5-di. 


M.p.. 

Ester 

M.p., 

Prep. 

Ref. 

°c. 

type® 

°C. 

103 d 



1 

lOS 

214 d 



2 

lot 

275 d 



3 

105 

236 d 

E 

82 83 

, 4 

104 

220 

M 

170 171 

5 

10« 

228 d 

h) 

54 

6 

100,107 

200 d 

E 

96 

7 

•8,104 

260 ci 



8 

108 

289 d 



9 

104 

233 d 



10,11,12 

104,100, 

110,111 

146 

M 

77 

13 

112 

221 

M 

129 

13 

lU 

183 

M 

67 

13 

112 

136 

M 

56 

14 

118 

134 



15 

112,114 

193 



16 

11,18,14, 

112,114,115 

168 

M 

' 71 

17 

114 

190 

M 

()6 

18 

112 

198 

K 

70 

19 

no 

200.5 

M 

75 

20 

114 

260 


128 

21 

112,114 

216 

M 

76 

20 

114 

246 d 



22 

110 

235 d 



22 

117 

198 d 



23 

118 

184 



24 

118 

205 

E 

122 

25 

110 

218 



20 

118 


“Ms* methyl; E == ethyl. 


Preparation 

When the reagents mentioned are. snch as to i>roduee the ester, the acid has been obtained by sa¬ 
ponification. The listing of the reagents is such as to indicate the primary source of the compound as 
far as possible. 

1. Pyrazylrnagnesium halide and ethyl chloroforinate. 

2. 3-Methylpyrazole and potassium iiermanganale. 

Minooia, Oazz. chim. itah, 61, 449 (1931). 

Kkokh and coworkers, Ann., 279, 217 (1894). 

Bbhaoiibl and Buchnkh, Ber., 36, 34 (1902). 

Pbchmann and Bubkuaud, ibid,, 88, 3597 (1900). 

Dains and Hakqsr, J. Am. Chem. Soc., 40, 562 (1918). 

108 V. Pbchmann, Ber., 38, 027 (1900). 
i®«Buchnbr, Ujid., 22^^842 (1889). 

Hurd and Lui, J. Am. Chem. Soc., 67, 2656 (1935). 
iiiBucHNSu, and Hbide, Ber., 84, 347 (1001); Adamson and Ksnnbh. /. Chem. Soc.t 286 (1935). 
11* Claisbn, Ann., 278, 261 (1893). 
ii» Claisbn and Roobbn, ibid., 278, 274 (1893). 

IK Claismn, ibid., 295, 301 (1897). 

IK BaIaBIano, Oaxz, chim. Hal., 28, 1, 382 (1898). 
iM Knorr, Ber., 20, 1090 (1887). 

IK Bucbnbr and Fritbch, ibid., 28, 257 (1893). 

IK Knorr and Laubmann, ibid., 22, 172 (1889). 
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l-phenyl-5-p-anisyl-3-i8-di-n-propylaininoethylpyrazoline and l-phenyl-5 
(4'-methoxy-3'ethoxvphenyl)-3-/S-piperidinoethylpyrazoline hydrochlo- 
ride are five to ten times more effective, although a little more toxic, than 
cocaine. They are prepared'^® by a sequence of (a) condensation of 
benzylideneacetone and formaldehyde with dimethylamine (Mannich 
reaction), {h) hydrazone formation with the resulting ketone, and (c) 

isomerization of the product to a pyrazoline in hot glacial acetic acid. 

% 

RCH=CH «.6 RCH==CH 

oicHa ~*^R''HNN==icH2CH,NR'j 

R phenyl or 4-methoxy-3-ethoxyphenyl or anisyl. R' “ propyl or piperidine. R" ■■ phenyl. 


H H2 


R 


R"N N< 


CHaCHaNR'rHCl 


Tri- and Tetra-phenylpyrazoline .—By a succession of reactions, 
benzylmagnesium chloride or benzyllithium reacts with 2 molecules 
of benzonitrile to give a triphenylpyrazoline; diphenylmethylsodium 
acts similarly to form a tetraphenypyrazoline.^^® Both compounds 


H 

CcHfiO-CCeHs 

a 

H\n/ 

H 


C.H6 

CiKtC - CC.Ht 

A 

h\n/ 

H 


are converted to pyrazoles by oxidation with chromic acid. The tetra- 


3 . 4>Phenylpyrazole and a sequence of nitration to a dinitrophenylpyrazolc, reduction with tin 

and hydrochloric acid, and permanganate oxidation. 

4. The product from ethyl oxalate and acetone tieated with hydrazine. 

5. Methyl ciotonatc and diazomethane followed by oxidation with bromine. 

6. Diethyl citraconate and diazomethane followed by oxidation with bromine. 

7. Ethyl aoetylaoetoacetate and hydrazine. 

8. Pyrazolindimethylenpicryl acetate (CuHiiO#N» from diazomethane and picryl acetate) oxidized 

by nitric acid. 

9. 3-Methylpyrazole-5-carboxyiic acid and potassium permanganate. 

10. Ethyl aoetylenedioarboxylate and ethyl diazoacetate. 

11. Diethyl maleate and ethyl diazoacetate followed by mild oxidation. 

12. Ethyl diazoacetate (3 molecules) with itself followed by oxidation with bromine. 

13. l>Phenyl-3>methylpyrazole and potassium permanganate. 

14. (The acid from ethyl oxalate and acetone) and phenylhydrazine. 

16. l-Phenyl-3,4-dimethylpyrazole and permanganate. 

16. Aldehydobutanone (from methyl ethyl ketone, ethyl formate, and sodium ethoxide) and 

phenylhydrazine followed by oxidation with bromine. 

17. Ethyl aldohydoacetoacetate (from ethyl acetoaoetate and ethyl formate) and phenylhydrazine; 

18. Acetoneoxalic acid and phenylhydrazine (minor product), 

19. Ethyl acetylacetoaoetate and phenylhydrazine. 

20. l>Phenyl>5-methylpyrazole>4>carboxyliG add and permanganate. 

21. l-Phenyl«5>methylpyrasole-3-carboxylio acid and potassium permanganate. 

22. Methyl phenylpropiolate and methyl diazoaoetate at 80 to 90*^. s 

23. l«Phenyl*3,6-dimethylpyrazole>4-carboxylic acid and potassium permanganate. 

24. l-Phenyl-3«methyl->4,5"dicarboxylic acid and potassium permanganate. 

26. Ethyl benzoylacetoacetate and phenylhydrazine. 

26. l,3-Diphenyl-4,5<-dimethylpyrazole and potassium permanganate, 

Nisbbt, ibid ., 1237,, 1568 (1938). 

Ankeb and Cook, tbid ., 323 (1941). 



AZOLES 


443 


phenyl compound can be prepared also by interaction of stilbene with 
diphenyldiazomethane. 

l-PhenylrS-methyl-b-pyrazolone .—This azolone is the starting point 
for preparing many interesting and useful compounds. It is made from 
phenylhydrazine and ethyl acetoacetate.®’ It melts at 116®; boils at 
333®; is soluble in acids, hot alcohol, or chloroform. One gram dis¬ 
solves in 60 cc. of boiling water, 20 cc. of boiling ether, and 2 cc. of boiling 
benzene. The copper salt (CuP 2 , P for the pyrazolone) is cocoa brown 
and melts at 185®; the iron salt (FePs) is violet tinged with gray and 
melts at 198®; the cobalt (C 0 P 2 ) is ultramarine blue; and another cobalt 
compound (HOC 0 P 2 ) is dark brown. Two silver salts, AgP and AgP 2 , 
exist. 

Antipyrine .—Methylation of l-phenyl-3-methyl-5-pyrazolone with 
methyl iodide and alkali in alcohol, methyl sulfate and alkali, methyl 
benzenesulfongte and alkali in benzene, or by methyl alcohol and hydro¬ 
chloric acid gives the N-methyl derivative, known as antipyrine; methy¬ 
lation by diazomethane, and to a small extent by methyl iodide as a 
by-product, gives the 0-methyl ether. The structure of the N-methyl 
product is shown by its synthesis from ethyl acetoacetate and methyl- 
phenylhydrazine.^^^ The 0-methyl may be converted to the N-methyl 

CH*C(0)C)H2C02Et CH3C==CHC0 
('HaNH - - NH(;«Hs ^ -llceHa 


derivative by addition and elimination of methyl iodide as follows. 


CH,(’(:H==COCHa 

II I 

N-NCaHa 


« CHsI. ** Heat with alkali. 


(^H3CCH-=CO(m3 6 CH30=CHC0 

II I - I 1 

-NOcHs C^HsN-NCeHfi 

I 


This last reaction created some difficulty in interpreting the structure 
of antipyrine, since elimination of methyl iodide might join oxygen to 
nitrogen and produce a four-membered ring, fe., a bicyclic system. 
The synthesis of antipyrine from methylphenylhydrazine settled the 
question. 

Antipyrine is used extensively as a medicinal. At the period when^ 
it was discovered, chemists were greatly interested in quinine. Knorr,^ 
in fact, regarded his compound as a ‘‘chinizin’^ derivative. Physiological 
tests showed that the compound had, indeed, a strong antipyretic action, 
hence the common name of antipyrine. It has no action, however, on 


Dubskv and Wintrova, Collection Czech, Chim. Commun.j 11, 520 (1939); 
C.A., 35, 2446 (1941). 

w* Knorr, Ann., 238, 137 (1887); 328, 78 (1903). 
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malaria/** and owes its antifebril property to alteration of the regulatory 
body functions so that increased heat loss, rather than decreased heat 
production, results.^** 

A large number of drugs contain antipyrine in molecular combination 
or are derivatives of that compound. IVIigrainin is a mixture of anti¬ 
pyrine, caffeine, and citric acid; ferripyrine is a styptic iron compound; 
chloralantipyrine is a mixture with chloral hydrate. In ihiopyrine or 
anilinopyrine, the oxygen atom in antipyrine is replaced by a thio or aniline 
group. Pyramidonr is 4-dimethylamino-l ,5-dimethyl-2-phenyl-3-pyra- 
zolone. It is derived from antipyrine by a reaction sequence at the^ 
4-position as follows. 


« HNOj. 


^11 ' 

* Zn + HO Ac or H S + NIIi 


/ 4 I NHa c 

-^11 

« CH J + ale KOH. 


1| N(CH3)2 

I 


It is about three times as effective as antipyrine but is apt to cause 
agranulocytosis. IMelubrin is the product of (‘ondensing 4-aminoanti- 
pyrine with formaldehyde bisulfite so that the substituent, —NHCH 2 - 
SO 3 H, is in the 4-position. It combines a mild antifebril action with 
low toxicity and has a specific effect in acute articular rheumatism. 
Novalgin is N-methylmelubrin and is more active than melubrin. Trig- 
enin is a molecular combination of pyramid one and butylchlorohydrate. 
It is used as an analgesic and sedative. Compral is a combination of 
pyramidone and voluntal, a trichlonde of ethanol. 

When l-phenyl-3-methylpyrazolone-5 is boiled with phosphorus 
oxychloride, the product is 5-chloro-l-phenyl-3-methylpyrazole. If 
heating is continued for 12 hr., condensation of the primary product 
with more phosphorus oxychloride occurs. The final product is 5-chloro- 
1-pheny 1-3-methylpyrazole-4-phosphinic acid. 

PO(OIi)2 

IL ” I -*11 I II I 

N-NCoHs N-NC0H5 N-NCella 

Condensation Products of the Pyrazolones. —The azolones have 
some of the appearance and behavior of indoxyl. The active methylene 
group condenses with hydroxyl amine, aldehydes, nitroso compounds, 
and the like. 1-Pheny 1-3-methyl-pyrazolone-5 and p-nitrosodimethyl- 
aniline, for example, give the black-green anil (A) i,m.p. 187*^) which 
undergoes hydrolysis to l-phenyl-3*methyl-4-keto-5-pyrazolone (S) a 

Goodman and Gilman, “The Physiological Basis of Therapeutics,” p. 248, 
The Macmillan Company, New York, 1941. 

BockmOhl, Antipyretic and Analgesics of the Pyrazolon Series, p. 165, Reports 
from Medico Chemical Research, I.G. Farbenindustrie Aktiengesellschaft, Lever¬ 
kusen, German 1933. 


CHiC^TL—CO 


CK^V—CK^CCi 


cmc- 



AZOLES 


445 


compound (m.p. 119®) of the isatin type, which, in turn, forms a hydrate 


N(CcHfi)- 

N^C(C^H 

« Dilute II^SOi. 


A B 

a NCCeHft)-C==0 


(%H4N(rH0‘* C==0 




(m.p. 71®), an oxime (m.p. 157®), phenylhydrazone (m.p. 155®), and a 
bisulfite addition compound and condenses with o-phenylene diamine. 
The azolone also condenses with itself under the influence of piperidine.^-'® 
The dimer (C) melts at 258®; the trimer at 2()2®. Ferric chloride oxidizes 
the indoxy 1-like azolone to pyrazole blue (D).^-^ product has 

an absorption spectra similar to that of indigo; it forms a leuco product 
when reduced by sodium amalgam and alcohol, from which, in turn, the 


C 

Ph O Ho (‘H. 

N -C C -N 

I 11 I 

N=(^—C=C-N 

C^Ha Ph 


Ph O O 

N-c' r- 


cih 


1 ) 


Pll 

-N 

C-N 

CBi 


color is restored by oxidation; it adds bromine, but loses the halogen 
readily by boiling alcohol, water, or ammonium sulfide; and it undergoes 
hydrolysis with \\arm concentrated hydrochloric acid to the diketo 
isatinlike product. 

Formamide, orthoformic ester, or chloroform and alkali condenses 
with the active methylene group to give a dihydro-compound that readily 
passes to the orange-colored 4,4'-methylidcnebis-(l-phenyl-3-methy 1-5- 
pyrazolone) which melts at 181® and is claimed to be of value as a filter 
layer in photographic processes.^-’ When this last product is heated 
at 200® with another molecule of formamide, a pyridine compound results 
from a condensation that is typical of the action of ammonia omcarbonyl 
groups in the 1,5-position. 



«nc(0)Nn2. 


Hydrogen peroxide cleaves the azolone, but the product condenses 
with the unaltered pyrazolone.The structure of the second product 

Sachs and Barsciiall, Ber., 36, 1437 (1902). 

loNEsrxT and Geobobscu, Bull soc. chim. [4], 41, 1514 (1927). 

Caspar, British patent 506,385 (1939); C.A., 33, 9169 (1939). 
i**ScHiEDT, J, prakt. Chem.j 167, 203 (1940); Perroncito, Atti X congr. intern, 
chim., 3, 267 (1939); C.A., 34, 2842 (1940). 

1*® Perroncito, Gazz. chim. ital, 66, 554 (1935); Buckka and Sprague, Ber., 
22, 2541 (1889). 
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is shown by a reliable synthesis from a compound derived from ethyl 
acetoacetate. 




CH 3 a PhNHN 


oO 


CHg 


CHaCO C(0)CH, 

H(*:—s—in 


|2<!j io,: 


C,Hs CJHs EtOsC CO,Et 

» HaOa forms CeHsNHNO which then condenses with more of the azolone. The thio ether reacts 
with 2 molecules of phenylhydrazine and forms (CioHaNaO)—S—(CioHaNaO), which then reacts with 
more phenylhydrazine to give the desired phenylhydrazone together with HaS and Ha (reduction 
products). 


Aminoaniipyrine (m.p. 109.5°) is an azolone with an active carbonyl 
group. The compound is an intermediate in the preparation of pyrami- 
done and is obtainable in excellent yield.Ferric chloride eliminates 
an amino group while oxidizing the compound to antipyrine 



A somewhat related reaction between aminoantipyrine and ?n-phenylene- 
diamine forms an indamine-type (see page 482) red dye. 



o m>Phenylene diamine hydrochloride and ferric chloride. 


The structure of the dye is shown (a) by the failure of like products to 
form when the para position of the aniline is blocked as in p-toluidihe, 
p-phenylene diamine, or sulfanilic acid and (6) by the synthesis of the com¬ 
pound by reduction and oxidation of the product from aminoantipyrine 
and 2,4-dinitrochlorobenzene. Diphenyl amine produces a blue dye 
with aminoantipyrene. 

A similar reaction occurs with phenol in the presence of an ammoniacal 
cupric salt or alkaline potassium ferricyanide. 


PhN 


O 


4 . 


NHz 



The color produced is a sensitive test for phenols.^** Phenol itself can 
be detected by this reaction at concentrations of 1 part in 8 million; 

Eisenstaedt, J, Org. Chem,^ 8 , 153 (1938). 

Michaelis, Ann., 862, 157 (1907). 
w* Emerson, J, Org. Chem.j 8 , 417 (1942). 
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o-cresol at 1 part in 2 million, and m-cresol at 1 part in million. 
Alkyl groups in the 4-position of the phenol or amine interfere with the 
test. For example, p-cresol, 2,4-dimethylphenol, and 3,4-dimethylphcnol 
give no test, but 3,5-dimethylphenol, 2,5-dimethylphenol, thymol, and 
carvacrol give strong tests. Chloro, bromo, carbonyl, sulfonic acid, 
hydroxyl, and methoxyl do not interfere, probably because each group is 
expelled. A nitro group in the ortho position prevents the reaction; one 
in the meta position inhibits, but does not prevent it. The coupling 
with aminoantipyrine always occurs in the para position. 

Aminoantipyrine condenses also with l-phenyl-3-methyl-5-pyrazo- 
lone. The methylene group behaves as does the group para to the 
hydroxy group in phenols. An alkyl group at C 4 stops the reaction, but 
a bromine atom does not. Neither do the benzylidene, isopropylidene, 
and isonitroso groups interfere. The behavior in this respect, save for 
the isonitroso group, is similar to that in 5-benzalbarbituric acid. The 
condensation product of aminoantipyrine with l-phenyl-3-carboxy- 
pyrazolonc-4 has an intense green color, is stable, and is insoluble in 
chloroform,^®® 



Ruhazonic acid^ the purpuric acid (see page 492) of the pyrazole 
series, forms with great ease by oxidation of phenylinethylaminopyrazo- 
lone, or by long refluxing of pyrazole blue with aqueous ammonia, or by 
treatment of phenylmethylnitrosopyrazolone with sodium methoxide 


O HO 0 0 



Ruhazonic acid Methyl ruhazonic acid 


and methyl iodide.'®^ The compound crystallizes as red needles that 
melt at 181°. It is insoluble in benzene but dissolves in ammonia and 
dilute alkalies with a change in color from red to purple. It is found in 
the urine as a transformation product of pyramidone,^^^ 

Methyl ruhazonic acid (m.p. 175 to 176°) is prepared^®®*^®® by condensa¬ 
tion of l-phenyl-3-methyl-5-pyrazolone with nitrosoantipyrine or, better, 
by oxidation (KsFeCNe) of an alkaline mixture of aminoantipyrine and 
l-phenyl-3-methyl-pyrazolone-5. The acidic properties present in ruba- 

Emerson and Bugle, ihid.^ 8 , 433 (1943). 

Knorb, Ann., 838, 192 (1887). 

P»5scaEB, Bar., 86 , 1436 (1902), 
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zoic acid are, of course, absent in this compound. It is insoluble in 
alkalies but soluble in mineral acids with decomposition. It crystallizes 
from methanol as transparent garnet-red prisms with a slight green reflex. 

Tartrazine dyes can be obtained from the condensation of phenyl- 
hydrazine sulfonic acid and ethyl oxaloacetate, followed by hydrolysis 
and coupling with a diazonium salt.^®® The name is derived from the fact 
that this class of dyes was originally obtained from the reaction of a 
primary hydrazine with dehydrotartaric acid and was believed to have a 
structure like that of tartaric acid.'^^ They have since been shown to be 
pyrazolone derivatives. This yellow dye is one of the 15 dyes approved 
(in 1937) by the United States Government for use in food. 

(7>)Na03SC^6H4N—NC- CCOOKu 

Hoi I 

\n/ 

C\n4SOsNa(p) 

Pyrazolone dyes of the type shown below are suitable as antihalaiion 
agents in photographic processes. 

r 

II 

N(CeH5 )—C 

I I H 

Indazoles ,—These compounds can, in general, be prepared by reaction 
of o-aminotoluenes with nitrous acid in acetic acid,^*^^ or by condensation 
of an N-nitrosobenz-o-toluidide^^® as shown below. Indazole melts at 


O— 


(CgHO—N 


Na< 


R™'-R 

Bz 


IT 

N 

\n/ 

H 


146.5® and boils at 270®/743 mm. It ciystallizes from hot water. It 
resists hydrolysis by concentrated hydrochloric acid and 20 per cent 
sulfuric acid, reduction by sodium in boiling amyl alcohol, and oxidation 
by Fehling^s solution. Phosphorus and hydriodic acid at 250® and 
alkaline permanganate act upon it, however. Phenyldiazonium chloride 
couples with it. An active methylene group is present. Cryoscopic 
measurements in naphthalene show that the compound, like pyrazole, is 

Hewitt, J, Soc, Dyers and ColouristSj 86, 6 (1920). 

137 Anschutz, Ann,, 294, 219 (1896); 806, 1 (1899). 

iBSNoELTiNG, Ber,j 87, 2556 (1904); Porter and Peterson, Or^. Syntheses, 20, 
73 (1940). 

1" Fischer and Tafel, Ann,, 227, 308 (1885). 
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asHociated.^^® Methylation or acetylation eliminates the hydrogen 
bond and gives prod\icts that have normal values. 

Thionaphthenopyrazole, —Compoimds^^^ with condensed benzene, thio¬ 
phene, and pyrazole nuclei can be obtained from 5,5'-dichloro-2,2'- 
dithiobenzoic acid by stepwise formation of the thiophene and pyrazole 
nuclei as shown below in the preparation of 7-cliloro-l-phenyl-3-methyl-4, 
5-thionaphtheno[3,2-c]pyrazole. 







Large R =» CK^eHj. 

" Reuc<ion of the disulfide with a<*etic anhydiide and potaMniuin acetate at 130® fot 4 hi. or in 
concentrated sulfuric acid at 50®. Refluxed in a beiixene solution of phen\Ihydiazine. 


IMIDAZOLES 


In 1858, Debus ^^2 engaged in a study of the reactions of ammonia 
on glyoxal, which was obtainable, together with glyoxylic acid, from the 
reaction of nitric acid with alcohol at ordinary temperature. When 
ammonia was allowed to react with glyoxal at GO to 70°, the products 
were glycosin, C 6 H 6 N 4 , which separated directly, and a sirupy residue 
left after evaporation of the mother liquor. The sirup was mixed with 
a saturated solution of oxalic*, acid, whereupon a large quantity of beautiful 
crystals was obtained. The free base was recovered from the oxalate 
by precipitation of the calcium salt. He called the new compound 
glyoxaline, from the starting material. Not till 24 years later was its 
cyclic amidine structure determined^'*® and then chiefly by analogy with 
lophine and amarine (see page 450). Because of the structural resem¬ 
blance to oxazole and thiazole, the name imidazole was later proposed. 

The original process produced imidazole according to the reaction 
shown below, in which the 2-aldehydo group probably is eliminated by 
aerial oxidation. The glyoxal may be replaced by glyoxal sulfate, which 


HCO NH, HH 
1 + + OCC^.O 

HCO NH 3 



is prepared conveniently from acetylene tetrachloride, oleum, and 
mercuric sulfate. The sulfate is then stirred with formaldehyde and 

Hayes and Hunter, J. Chem, Soc.^ 1 (1941). 

Fowkes and McClelland, ibid., 187 (1941). 

1** Debus, Ann., 107, 204 (1858). 

1*® Japp and Robinson, Ber., 16 , 1268 (1882); Radziszewsky, tbid.t 16 , 1493, 2706 
(1882T; Japp, ibid., 16 , 2410 (1882); 1 «, 284 (1883); Hantzsch, Ann., 249 , 1 (1888). 
^♦^Ruggli and Hbnzi, Helv. 'Ckim- Acto, 12 , 362 (1929), 
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ammonium hydroxide at a temperature below 55®, The solution may 

HCCla /^\ 

I + 480, + 2H,S04 40180,H + O^S OH—HO 80, 

HOCl, \o/ \ q / 


be used directly for many purposes that employ imidazole. The parent 
hydrocarbon can be prepared also by pyrolysis of 4,5-imidazole dicar- 
boxy lie acid in the presence of copper. 

Imidazole melts at 88 to 90® and boils at 2G2 to 264®. like many of 
its derivatives, it has a marked physiological effect and increases the 
blood pressure because of vascular contraction. 

4i{S)-Methylimidazole can be obtainedin about 10 per cent yield by 
allowing dextrose to stand with zinc hydroxide in ammonia. d-Mannose, 
d-sorbose, Z-arabinose, Z-xylose, and lactose (to a smaller degree), l)ut not 
sucrose, behave similarly. Rhamnose, however, produces imidazole, 
4-methylimidazole, and 2,4^-dimethylimidazole, d-Galactose yields a 
compound CiaHsgOieNaZn. 

Lophine .—Benzaldehyde and ammonia give hydrobenzamide; and 
this product, when heated above 360®, gives lophine^^^ in about 40 per 


C6Hb(5H=N 


CeH6CH==N 


\H A 
CCoHs 

/ 


NH 

\ 


CeHftC- N 


y 




cent yield. A nearly quantitative yield is obtained from an equi- 
molecular mixture of benzil and benzaldehyde in boiling glacial acetic 
acid with ammonium acetate.The condensation takes place also in 
alcoholic ammonia, but with lower yields. 

Lophine melts at 273®. Oxidation by chromic acid in dilute acetic 
acid gives dibenzamide and benzamide. Iodine in liquid ammonia 
converts it to cyaphenine (page 514), probably by way of a ring opening. 

Amarine is dihydrolophine. It is an intermediate in the preparation 
of lophine by pyrolysis of hydrobenzamide. The compound loses hydro¬ 
gen very readily. Mild oxidizing agents, such as iodine in liquid 
ammonia,^®* or potassium amide in liquid ammonia,or heat, convert 
amarine to lophine. Reducing agents do not reverse the reaction. 

146 Snyder, Hendrick^ and Brooks, Org. Syntheses, 22, 66 (1942). 

WiNDATTS and Knoop, Ber., 38, 1166 (1906); Windaus, iWd., 40, 799 (1907). 

Laurent, CompL rend.j 19, 353 (1844); J. prakt. Chem. [1], 86, 456 (1846). 

Davidson^ Weiss, and Felling, J, Org. Chem,, 2, 319 (1937), 

Radziszewbki, Ber,, 16, 1493 (1882). 

Fischer and Troschb, ibid., 18, 706 (1880). 

Biltz and Krebs, Ann,, 891, 213 (1912). 

Strain, /. Am. Chem. Soc., 62, 1218 (1930). 
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Amarine may be obtained by treating hydrobenzamide with potassium 
amide in liquid ammonia, or by condensing benzoin, benzaldehyde, and 
ammonia together. The compound melts at 129° and forms a silver 

salt. 

Ay6-Diphenylimidazoles and related compounds are made by methods 
similar to those for lophine. For example, bcnzil and formaldehyde 
(hexamethylenetetramine) condenses to 4,5-diphenylimidazole;^^** ben¬ 
zaldehyde, propaldehyde, and ammonium acetate in boiling glacial 
acetic acid yield 4,5^diphenyl-2-ethylimidazole^^»^ (m.p. 229°); isobutalde- 
hyde, salicylaldehyde, and anisaldehyde in place of propaldehyde yield 
the corresponding 2-substituted 4,5-diphenylimidazole. Phenanthra- 
quinone may be used in place of benzil. 

4(or byHydroxymcihylimidazole (m.p. 94°) is an important inter¬ 
mediate for the preparation of histamine or histidine. Formerly, it was 
prepared*®® from citric acid by the following steps: 


COaH 

HOsCC'HsCOH 

i. 




HOCH2 


“N 


L-N/ 

H 

The action is general for 


:!H2C02H CR 2 CO 2 H 

« HaSOi'SOj. Converts the a-hydioxy acid system to a caibonyl. 
a-hydioxy acids. C’ompare with the loactioii of malic acid on page 153. 

MDHNOi. Foims the dioxinie, IION ~CHC(0)CH=^N0H. (2) SnCh. Keducea the dioxime 

to diaminoacetone. (3) KCNS. Causes condensation to a thioimidazole compound, HaNCH*—I— 
SH (I *= imidazole nucleus). (4) HNOi. Removes the mercapto groups by oxidation and converts 
the amine to a hydroxy group with the nitrous acid formed as a bj'-product in the reaction. The 
process gives HOCHa—I—H, 


More recently, the preparation has been made possible from fructose.*®® 
In ammoniacal cupric acetate solution fructose decomposes to 1 molecule 
of dihydroxyacetone and 1 of glycerol aldehyde. 

C\,Hi20r. - > HOCH 2 C 4 - llOVlhCH{01l)CRO 

The former condenses with formaldehyde and ammonia in the presence 
of cupric salts to form the imidazole; the latter merely suffers further 
oxidation. 

ImidazoleAibycarhoxylic acid (m.p. 286 d.) is obtained by oxidation 
of 4(5)-hydroxymethylimidazole with nitric acid.*®® 

(4-1 midazolyl)propionic acid is obtained from levulinic acid by 
bromination, subsequent treatment*®^ of the dibromo product with 

Snape and Brooke, J. Chem, Soc,^ 75, 210 (1889). 

Cook and Jones, 278 (1941). 

«»PyMAN, ibid., 109| 186 (1916); Koessler and HankE, /. Am. Chem. Soc.^ 40, 
1716 (1917). 

166 Weidenhagen, Hermann, and Wagner, Ber., 70, 570 (1937). 

Wolff, Ann., 260, 79 (1890). 
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boiling water, and condensation^^® of the resulting glyoxylpropionic 
acid with ammonia and formaldehyde. It may also be obtained from 


HCO 

1 4- + YI 2 CO 

H02C((^H2)2C0 


|-N\H 


H02r((^H2)2 



glutamic acid^®® by reduction of the ester with sodium amalgam (a general 
reaction for formation of a-aminoaldehydes) and conversion of tlie 
amino aldehyde product to an imidazole derivative by thiocyanic acid. 
Ferric chloride oxidation completes the synthesis.’®® The acid is inter- 


KO^CiCBz) 

-NaHjf. fcKSCN, FeClu 


COiKt H(X) 

Hcf'NH, 4 HCXHi 

I 1 

IIOiCCCH.). 


HOiC(CH2)2 




Ln/ 


esting because of its relationship to histamine. 

HistaminCy or jS-arainoethylimidazole, o(*curK widely in nature as one 
of the products of putrefactive bacteria on histidine.’®’ It is found in 
acpieous extracts of ergot’®- along with putrescine, cadaverine, and the 
physiologically active jS-hydroxyphenylethylamine. In the laboratory, 
it can be prepared from 4(5)-hydroxymethylimi(lazole by a series of 
reactions at the 4-hydroxymethylene end of the molecule. It may he 


—CHiOH 4—CHid 4—(’HiCN 4 — 

« ecu. NaCN. * Na + alcohol 

obtained also from imidazolylpropionic acid’®® by conversion of the acid 
to an amino group (see below), or from a, 7 -diaminobutyric acid by 
reagents (EtOH + HCl, NaHg, HCNS, FeCls) already mentioned as 


I((;H2)2C(0)0H -^I((^H2)2C(0;N2 I(C^H.)jNH2 

I imidazloyl reeidito. 

« EtOH + HCl, H2NNH2, HNO2. » HCl. 

used in the formation of imidazolylpropionic acid from ethyl glutamate. 
The a, 7 -diaminobutyric acid, necessary for this synthesis, can be 
obtained’®^ from glutamic acid by way of ethyl hydantoinpropionate, a 
compound that will be described later. 

168 WiNUAUS and Vogt, Ber,, 40, 3691 (1907). 

’69 Fischer, ihd., 41, 1021 (1908). 

Akabori, ibid., 66, 15 (1933). 

Ackerman, Z. phystol. Chem,, 66, 504 (1910). 

Barger and Dale, J. Chem. Soc., 97, 2592 (1910). 
i63Pyman, ibid,, 99, 668 (1911); Koes&ler and Hanke, J, Am. Chem. Soc.j 40, 
1716 (1918). 

Akabori and Nxjmano, Bull. Chem. Soc. Japa% 11, 214 (1936); C.A., 80, 5986 
(1936). 



AZOLB,H 


463 


Histamine melts at 83 to 84® and boils at 209 to 210® at 18 mm. 

Like most jS-substituted-ethylamines, it is physiologically active. 
(Compare, for example, with adrenaline and with tyramine, which is 
7 >hydroxy-phenylethylamine.) The variety of these effects in the case of 
histamine is unusually large.There is scarcely a tissue that will not 
respond in some way. It is a powerful vasodilator, although accompanied 
by side reactions that preclude the possibility of its use. It is a gastric 
stimulant. It is used in ointments for treatment of rheumatism. Its 
liberation in the tissues is regarded as responsible for manifejstations of 
allergy, urticaria, asthma, sneezing, etc. Large doses cause histamine 
shock and convulsions. 

Histidine is the amino acid that corresponds to histamine. It is a 
decomposition product of proteins and is present in urea and in germinat¬ 
ing plants. It is regarded as one of the essential amino acids. 

Synthesis^®® begins with 4 (or 5)-hydroxymethylimjdazole. Oxidation 
by chromic acid converts the hydroxy to an aldehyde group. Condensa¬ 
tion with hippuric acid and a sequence of steps as in the tryptophan 
synthesis (page 114) completes the formation. 


ICH >011 AICHO I(;H2CH(NH2)C02n 

I "• imidazolo nucleus 

“ CiOa. llippunc acid, NaiCOa, 2 poi cent NaHg, 20 per cent HCl, 


Histidine molts at 285 d.; the picrate melts at 234 to 235®. The 
compound is equivalent to argenine in metabolism; and the general 
similarity betw^een these compounds played an important role in elucidat¬ 
ing the structure. 


HO-N 


H 

\ 


HC - — 

niNHj 

(*?02H 

Histidine 




(II 


-N 


HaC- 


-N 


H 

\ 


CH 


C'Ha 

niNHa 

(*:OaH 

Argenine 


HN 


Histidine couples with diazonium salts to form azo dyes and is prob¬ 
ably responsible for the ability of proteins in general to couple.^®* N-sub- 
stituted histidine does not form azo dyes. The physiological effects, so 


Fox, Chem, Rev., 82, 47 (1943). 

i®«Pyman, J. Chem. Soc., 109, 186 (1916); Koessler and Hanke, J. Am. Chem. 
Soc., 40, 1716 (1918). 

Pauly, Z. physiol. Chem.j 42, 508 (1904), 

Burian, Ber., 87, 696 (1904). 
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marked in the case of histamine, are greatly reduced, if not absent, in 
histidine. 

Carnosine was first isolated fiom Liebig^s beef extract and is the only 
/S-amino acid known to exist in the body. The structure is shown^**® 
by hydrolysis with barium hydroxide to i-histidine and jS-alanine and 
by synthesis. The best method of synthesis makes use of Bergmann's^^® 
excellent procedure for protecting the amino group with a carbobenzoxy 
radical, C 6 HfiCH 20 C( 0 )—, while effecting condensation at the a-carbon 
atom in peptide synthesis. Carbobenzoxy-/S-alanine^^^ is converted by 
a series of conventional steps to the azide, the latter condensed with 
the ester of Z-histidinc, and the carbobenzoxy group eliminated by reduc¬ 
tive hydrolysis. 


RNHCH2CH2C(0)N3 

+ 

ICH 2 CHNH 2 


a RNHCHjCHaCCO) ,, HjNCWIHsCCO) 
ICHjCHll’II ICH 2 CHNH 

I I 

('OjH ('O 2 H 


R «■ Carbobenzoxy radical. I »« Imidazole nucleus. 

« This azide is derived fiom the correspondiuR acid by treatment with PC’U, CHsOH, H 2 NNH 2 , and 
HNO 2 in succcHbion. The azide then reacts with the ester of i-histidine, and the resulting ester is 
saponified. ^ The carbobenzoxy radical is removed by aqueous sulfuric acid, hydrogen, and palladium. 


The /3-alanine used for the synthesis is obtained from succinimide by the 
Hofmann hvpobromite method, and the carbobenzoxy radical is obtained 
from benzyl alcohol and phosgene. Carnosine melts at 206® d. in a 
capillary tube, and at 308 to 309® on a Dennis bar. 

Anserine^ C 10 H 16 N 4 O 3 , is monomethyl carnosine. It was first isolated 
from goose muscle and was purified^^^ by means of the copper salt. The 
principal reactions^®® that have a bearing on the structure of this com¬ 
pound are (a) distillation with soda lime in a stream of hydrogen gives 
1,5-dimethylimidazole; (6) the Pauly^^® diazo color test (formation of a 
dark cherry red color when treated with a freshly prepared solution of 
sodium diazobenzenesulfonate from sulfanilic acid and sodium nitrite) 
for an imidazole nucleus fails, and this coupling fails when the hydrogen 
attached to the imidazole nitrogen atom is replaced by a methyl group; 

(c) hydrolysis with barium chloride solution gives d,Z-methylhistidine, 
separated as the phosphotungstate, and /3-aminopropionic acid;^^* and 

(d) condensation of the peptide with dinitrotoluene and hydrolysis of the 
products with dilute sulfuric acid gives /S-dinitrotoluylalanine rather 

Baumann and Ingvaldsen, J. Biol, Chem,, 36, 263 • Barger and 

Tutin, Biochem, J., 12, 402 (1918). 

Bergmann and Zervas, Ber., 66 , 1192 (1932). 

i7i SippORD and dtjVigneaud, 3, Biol, Chem,, 108, 753 (1935). 

17* Ackbrmann, Timpb, and Poller, Z, physiol, Chem,, 183, 1 (1929). 

17* Pauly, ihid,, 44, 159 (1905). 

17* Pymen, J, Chem, Soc,, 183 (1930). 
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than dinitromethylhlstidine,^®^ a fact which shows that methylhistidine 
is attached lo /3-aminopropionic acid (alanine) through the amino group 
of the former and the carboxyl group of the latter. 

Associated with these decisive tests are such confirmatory reactions 
as the presence of a primary amino group as tested by nitrous acid, the 
absence of unsaturation (KMn 04 ), and the absence of positive clues from 
oxidations by chromic acid, nitric acid, and hydrogen peroxide and from 
reduction by hydriodic acid. 

Histidol (m.p. 92°) is 4- (or 5) (jS-hydroxyethyl)imidazole. It was dis¬ 
covered by Ehrlichin tlie product of yeast fermentation of histidine 
and can be preparedby reduction of a-aminobutyrolactone hydro¬ 
bromide with 3 per cent sodium amalgam below —10°, followed by 
condensation with ammonium thiocyanate. The compound can be con¬ 
verted smoothly to histamine by phosphorus pentachloride followed by 


O- 
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-('O 


(^H,—C^HNHa HOCH/II2 


Lw 


« NaHg. IIC^NS. 


alcoholic ammonia under })ressure and heat. 

2-Thiolhistidine and 2-ThioIhistamine .—The synthesis of the methyl 
ester of 2-thiolhistidine from the methyl ester of histidine provides an 
excellent example of the breakdown of the imidazole nucleus and reas¬ 
sembly with the appropriate reagents 
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CHCHsCO 
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COiCH, 
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« CfiHsCOCl + NazCOa in order to form a tnbenaoyl derivative, CHiOlI + IICl in order to elimi¬ 
nate one benzoyl gioup and give the ketone. * 20 per cent HCl, NaSCN. 


A similar series of reactions can be used for preparing the analogous 
histamine compounds. In general, the thiol group reduces or eliminates 
the physiological activity. 

Pilocarpine, C 11 H 14 O 2 N 2 , is the chief alkaloid in the South American 
shrub known as Pilocarpus jahorandi and P. microphyllus.^^^ The 
natives chew it to cause salivation. It also causes sweating, and, when 
applied locally to the eye, miosis. It is used in medicine as a diaphoretic. 
Pilocarpine and arecoline have somewhat similar physiological activity. 

17* Ehhlich, Ber., 44, 139 (1911). 

i7« Gahforth and Pyman, J. Chem. Soc., 489 (1935). 

17T Ashlet and Harrington, ibid,, 2686 (1930); Pyman, ibid., 98 (1930). 
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The structure/^* shown below, for pilocarpine was deduced from the 
facts that (o) alkaline pyrolysis gives 1,5-dimethylimidazole and a 


OjHi?—- 

01^0^ Hz 


methylamylimidazole; (h) heat converts the compound to the isomeric, 
isopilocarpine, which in turn is oxidized by permanganate to pilopic 
acid, C 7 H 10 O 4 , a lactone, as shown by titration; (c) oxidation of pilopic 
acid gives butyric acid. 

Synthcvsis^’® begins with a derivative of succinic acid, progresses by 
conventional steps to (a) pilopic acid, (h) homopilopic acid, and thence 
to (c) a mixture of the stereoisomeric compounds pilocarpine and iso¬ 
pilocarpine, which is separated by use of the strychnine salt. 


io2Kt 
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CH2(^0>11 


-O— CH 2 


’I 


CHj 



Pilopic a« id Homopilopic acid 

I HCOsEt + NaOEt, AlHg, distillation and loss of EtOH. 
i HCl. PCh, CHiNa, AgaO, HiO 

e SOCla, CHaNi (the chloiomethyl ketone is formed instead of the diazo ketone), iihthalimide, 
HaO HCl, HSCN, FeCls, CHsI, 


The conversion of homopilopic acid to pilocarpine may be accom¬ 
plished by the alternative route’”® sho^vn below. 


RC^HzCOaH RCH2C(0)CH--(HCMl5 pilo- and isopilo-carpiue 

R »• substituted heterocyclic system, f'cHoOi 
« SOCla, CHaZnI, Ci,H»CHO. > O 1 , NHa + HiCO, CH 3 I. 

Pilocarpidinej C 10 H 12 O 2 N 2 , is the methyl-free imino compound corre¬ 
sponding to pilocarpine. It is found in nature associated with the other 
alkaloids in P. microphyllus. Its synthesis in the laboratory is, of course, 
the same as that for pilocarpine, save for the last step. 

Pilosinine is the ethyl-free compound corresponding to pilocarpine. 
It is prepared from ethyl succinate by steps essentially the same as those 
used for pilocarpine.^®^ 

Biotin is 2'-keto-3,4-imidazolido-2-tetrahydrothiophene-n-valeric acid. 
It is the growth-promoting factor in yeast. It is present also in liver, 

1«J0WETT, ibid.y 77, 473, 493, 851 (1900); 79, 580, 1331 (1901); 88, 438, 464 
(1903). 

Preobrashenski, Wompe, and Preobrashenski, Rcr., 86, 1187 (1933); 
Chitchibabin, Wompe, and Preobrashenski, ibid,j 68 , 460 (1930). 
wo Dbt, J. Chem. Soc,, 1057 (1937). 

wj Polyakova, Preobrashenski, and Preobrashenski, J. Gen, Chem,^ U.S,S,R*f 
9, 1402 84, 1658 (1940). 
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kidney, and eggs, and to a less degree in milk. It was first isolated by 
Kogli 82 from egg yolk, in 1936, after an exhaustive series of separations. 
The structure^is determined from the following facts: (o) A diamino- 


cn2(ni2CH2CH2C02H 
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-N 
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carboxylic acid is obtained from biotin and barium hydroxide at 140®. 
lliotin is reformed when this acid reacts with phosgene, (h) Double 
bonds are absent, (c) Nitric acid or permanganate oxidizes biotin to 
adipic acid, (d) The carboxyl group can be esterified and then converted 
to an amino group by a (>uitius degradation. Oxidation of this amino 
product yields no adipic acid, (c) A Hofmann degradation, of the diamino- 
carboxylic acid, gives a thiophene valeric acid. (/) The sulfur can be 
eliminated from the methyl ester of biotin by Raney nickel. The 
desthiobiotin so obtained hydrolyzes to desthiodiamino carboxylic acid, 
which in turn with periodate gives pimelic acid and with phenanthra- 
quinone gives a quinoxaline. Steps to the diamino compound arc shown 
below. 
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The identity of the desthiodiaminocarboxylic acid can be proved by 
^nthe^sis from ethyl acetoacetate. 

Synthesis^®**' of rf,/-biotin is accomplished by the plan shown below. 


NHC0(\H6 
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Hsi 
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CHj 
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NHC’OCMIj^ hn n» 

-OHNHf'OOH, HC*;-1 

■ Hsi' i (C^f a) A. Hai I, 


H 

lH(iC»a)4C'OaH 


\g/ \g^ \g/ 

The starting mateiial is 4-bensamido-3-ketotetrahydrothiophene, which is prepared bv a seciucnce of 


1*2 Kogl and TOnnis, Z. physiol. Chem.^ 242, 43 (1936). 

i83o DuViGNEAim, Hofmann, and Melville, J. Biol. Chem.^ 140, 643 (1941); 
DuViGNEAun, Melville, Folkers, Wolf, Mozingo, Keresztesy, and Harris, ibid., 
146, 475 (1942). 

'*® Harris, Woi.f, Mozingo, Arth, Anderson, Kaston, and Folkers, J. Am. 
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reactions that begins with the reaction of i-cysteine, H 2 NrH(C 02 H)CH*SH, and chloroacetic acid in 
alkaline solution to give <3-(carboxymethylmercapto)-alanine, NlIaCH(COalI)CH 2 SCH 2 COaH, and is 
followed by successive reactions with benzoyl chloride and with methyl alcohol and sulfuric acid that 
give the N-benzoyl and methyl ester. Ring closure with sodium motboxido and heating of the ester 
in HCl-aq. HOAc at 135 to 140®, to effect hydrolysis and decarboxylation, completes the preparation 
of the starting material. 

The thiophene compound condenses (in acetic acid with piperidine as a catalyst) at its active 
methylene group with the aldehyde function of 'y-formylbutyrate, 0 Cn(CH 2 )a(^ 02 CHi, itself prepared 
from glutario anhydride by successive reactions with methyl alcohol to form the half ester, tliionyl 
chloride to form the acid chloride, and hydrogen over palladium-barium sulfate to form the aldehyde. 
The product is an unsaturated keto ester, which is tieated with hydroxylarnino in pyridine solution 
to form the oxime. The oxime and olefin bond are then simultaneously reduced with zinc and acetic 
acid-acetic anhydride mixture. 

Hydrolysis with Ba(OH )2 at 140® eliminates the benzoyl group, the acetyl group, and the alcohol 
of the carbomethoxy group. Reaction of the diamino acid product with phosgene in aqueous sodium 
carbonate below 10® gives d,l-biotin. Resolution is effected by means of the mandclic acid ester. 


Biotin melts at 230 to 231®. It is identical with vitamin H and 
with coenzyme R. 

Imidazolones ,—Many of these compounds form readily by condensa¬ 
tions that utilize urea or like reagents. For example, benzoin and urea 
in acetic acid'give 4,5-diphenyl-3-imidazolone^®^ (A); benzil, alcoholic 
potassium hydroxide and urea give diphenylhydantoin^®® (B); and 
benzil and urea give diphenylacetylenediurein^®® (C). Similarly, dimeth- 
ylketol and diacetyl 3 deld 4,5-dimethyl-3-imidazolone^‘^® and dimethyl- 
acetylenediurein,^^*^ respectively. The parent acetylonediurein^^® is 
prepared, of course, from glyoxal. The methods of preparation are 
general ones, applicable to other keto alcohols or diketo compounds. 
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Hydantoin is prepared readily from the ethyl ester of glycine by 
condensation with potassium cyanate and ring closure of the product, 
ethyl hydantoate, with acid. 


COaEt 

HaiNHj 


+ HNCO-. OCOEt 

h,<!::nhc(0)nh. 


« HCT. > 20 per cent HCl. 


6 H 

OC—N 
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Chem. Soc.j 67, 2096 (1945); Wolf, Mozinqo, Harris, Anderson, and Folkers, 

tbid.f 2100 . 

AnschOtz and Geldbrman, Ann., 261, 129 (1891). 

1** Biltz and Rimfel, Ber,, 41, 1379 (1908). 

Biltz, ibid,, 40, 4799, 4806 (1907). 

Frakchimont and Klobbie, Rec, trov. chim., 7, 236 (1888)* 
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The ring is opened to form hydantoic acid by barium hydroxide (a com¬ 
mon reagent when urea is in a nucleus). Bromine introduces two 
bromine atoms at the active methylene group. Nitric acid nitrates one 
of the nitrogen atoms to give an N-nitro compound.^®® 

Benzaldehyde, and other aldehydes, condense readily with hydantoin. 
Since the ring system is readily opened, this reaction can be used in the 
same manner as hippuric acid or rhodanine to obtain open-chain com¬ 
pounds with specific groups.^®® For example, the ^condensation with 
benzaldehyde is the first step to the ester of jS-phenylalanine N-acetic 
add as shown below. 
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<* CHal, NaOEt, ClCHiCOiEt. " HI + P, Ba(OH)2. 
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Hydantoin can also be used in the preparation^®® of quinoline com¬ 
pounds by reaction with isatin as shown below. 

IICO 2 H 

iRO:' 

H 

® Condensation with hydantoin undei the influence of fused NaOAc in glacial HOAc at 150® for 3 
hr. > Sn + HCl, Ba(01I)2. 
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6-Substituted hydantoins can be prepared by methods analogous to 
those used for hydantoin itself. 

a-Amino acids, of which a large number exist from the decomposition 
of proteins, react with potassium cyanate, and the uramido acid product, 
in turn, suffers ring closure when boiled with dilute mineral acid, usually 
10 per cent hydrochloric. Glutamic acid thus yields hydantoinpropionic 
acid. The process is essentially the same as that already pictured for 
the preparation of hydantoin from glycine. 

Hydantoins may also be prepared from malonamides'®^ or from 
ketones,^®® as illustrated by the .equations below. 

Bailey, Am. Chem. t/., 28, 386 (1902); Harbies, Ann., 861, 71 (1908). 

Litzinger, J. Am, Chem, Soc.^ 56, 673 (1934). 

Hill and Henze, tbid,^ 46, 2806 (1924); Hill, Schultze, and Lindwall, ibid>j 
52, 769 (1930). 

Dakin, Am. Chem. J., 44, 48 (1910). 

Read, /. Am. Chem. Soc.^ 44, 1746 (1922). 

1®® Biltz and Slotta, J, prakt. Chem,, 118, 233 (1926); Hebbst and Johnson, 
J, Am. Chem. Soc,, 54, 2463 (1932). 
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NH—CO 

R C(0)NHi a R / c HaN U o R 

c -> c c ♦- oc 

R' C(0)NHa R' \ NC R' R' 

C(0)—NH 

“ KOOl converts one of the amide groups to an isocyanate, HX then effects ring closure, t NH4rN. 
* KOrN yiehis a mono-substituted urea by reaetion with the amino grouj>-, IIX causes hydrolysis 
and ring closure. 


This last reaction has wide applicability. Twenty-four common alde¬ 
hydes (formaldehyde excepted), 36 ketones, and at least 50 carbonyl 
compounds condense in this manner. 

Some 5-di8ubstituted hydantoins act atS hypnotics. They have a 
structure similar to the barbiturates and conform to the general rule^®® 
that hypnotic compounds almost invariably consist of lipo-soluble 
alkyl radicals attached to water-soluble or polar groups, which are 
capable of forming associated molecules in aqueous solvents and which 
may or may not possess similarity to structures occurring in the body. 
They are stable enough to prevent too rapid destruction in the body 
before they exert their effect; yet they suffer a necessary degree of 
degradation. The acidity or basicity is not pronounced. The total 
number of carbon atoms in the alkyl groups should be about 10 or 11 
for best results.^*® 

Nirvanolf 5,5-ethylphenylhydantoin, is a practical example of such 
hydantoin derivatives.^®^ It is of some value in the treatment of chorea 
and other nervous disorders. Its continued use as a hypnotic leads to 
fever and skin eruptions. 

Allantoin is widely distributed in nature, particularly in the embryo 
of plants and animals. Its name indicates its presence in the allantois 
of the cow. Germinating plants, mushrooms, cauliflower leaves, soy¬ 
beans, liver, and urine contain it.^®* The d-form can be isolated from 
leaves by extraction with water, followed by a series of purifications that 
includes precipitation Avith basic lead acetate, recovery Avith hydrogen 
sulfide, elimination of the sulfide, double precipitation with sodium 
mercuric acetate (WiechoAVskii's reagent), recovery with hydrogen 
sulfide again, etc. The i-form can be obtained from soybeans by action 
of the enzyme allantoinase, Avhich converts the d-form to allantoic acid 
but leaves the Worm unchanged. 

In the laboratory, it is prepared in 64 to 76 per cent yield by oxidation 


i»«Hbnzk and Speer, ibid.j 64, 522 (1942); Henze, Thompson, and Speer, J. 
Org. Chem., 8, 17 (1943). 

i®®Shonle, Ind. Eng, Chem.j 28, 1104 (1931), 

Dox, J. Am. Pharm, Assoc., 12, 602 (1923). 

Riqler and Henze, J. Am. Chem. Soc.j 58, 474 (1936). 

Fosse, Thomas, and he Graeve, Compt. rend.j 198,1374,1953 (1934); C.A., 28, 
4384, 5496 (1934). 
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of uric acid^®® with potaHsium permanganate. The double bond is first 
oxidized, a rearrangement effected, and carbon dioxide lost on acidifica¬ 
tion. It may also be prepared by heating glyoxylic acid with urea. 
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Allantoin is weakly acidic. It forms a silver salt with ammoniacal 
silver nitrate and a potassium salt v'ith cold concentrated potassium 
hydroxide. After many hours standing, alkali converts it to allantoic 
acid, H 2 X(XO)NII(>H 2 NII(X())NHC() 2 n. Reduction with hydriodic 
acid gives liydantoin. Xanhydrol and methylxanhydrol give a precipi¬ 
tate of allantoic acid that is useful in analysis. 

Allantoin stimulates tissue groxAih and promotes healing of wounds. 
During tlie First World War, and even earlier, wounds infested with 
maggots w(u‘(' observed to heal faster than wounds not so infested. 
The exjilanation of this seeming anomaly came after an examination 
of the drainings recovered by atomizing water over several thousand 
maggots (contained in a funnel half-filled with glass balls to prevent 
crushing the insects) and by the discovery of allantoin therein. Maggots, 
therefore, perform the dual role of consuming necrotic tissue and bacteria 
and of excreting allantoin that stimulates growth of fresh tissue. The 
pr()(*ess has met with peacetime use,^°^ particularly in the treatment of 
d(H'p-seated infections not reached by application of solutions of allantoin. 

Spirohydanioin is obtained from 4,5-dihydroxy-4,5-dihydrouric acid 
by treatment with concentrated sulfuric acid on a water bath.^^^ The 
cliange is of the pinacolin rearrangement type. 
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Hartman, Moffett, and Dickey, Org. Syntheses, 13, 1 (1933). 

200Posse, Brunel, and de Graevb, Compt. rend. 188, 1418 (1929); C.A., 23, 
4495 (1929); Fosse and Brunel, Compt. rend., 197, 288 (1933); C.A., 27,5376 (1933). 
Robinson, J. Parasitol., 21, 354 (1935); C.A,, 80, 3090 (1936). 

»o*Bilt2, Httyn, and Bergius, 418, 77 (1917); Pope and Whitworth, 

J, Chem. and Jnd., 49, 748 (1930), 
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Parabanic acid is triketoimidazole. It can be obtained by hydrolysis 
of the dibromide of hydantoin. It is also formed by oxidation of uric 
acid with warm nitric acid and by condensation of urea with oxalyl 
chloride. It melts at 242 to 244® and forms an insoluble silver salt.^®* 
Creatinine was originally obtained from urine, but can be better 
derived from creatine, CMIgNaOa, a product obtainable in considerable 
quantity from animal tissue. 
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Evaporation of a solution of creatine in & N hydrochloric acid gives the 
crystalline creatinine hydrochloride. The free base is recovered by 
treatment with ammonia. Creatinine has an active methylene group that 
condenses wdth aldehydes.^®® 

Porphyrexin is produced from acetoxime by a series of reactions that 
includes the addition of hydrogen cyanide I 0 a C—N double bond, the 
familiar formation of an amidine, and ring closure. 
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Porphyrexide is the oxidized (N-oxide) or red form derived from the 
colorless porphyrexin. 

Porphyrindin .—The reaction of porphyrexin with hydrazine gives 
leuco-porphyrindin, which is convertible to a blue product, porphyrindin, 
by oxidation. 
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203 Wood, J. Chem. Soc., 89, 1834 (3906); Biltz and Topp, Ber.^ 46, 1387 (1913). 
Folin and Denis, J. Biol. Chem., 8, 399 (1910); Benedict, ibid., 18, 383 (1914). 
Edgar and Hinegabdner, ibid., 66, 881 (1923). 

CoRNTHWAiTHE, Lazabtts, Snelling, and Denoon, j. Am. Chem. Soc., 68, 628 
(1936). 

LitXiEViK, HossfTBDD, LiNDSTROM, Abnold, and Gobtnek, j. Org. Chem., 7, 
164 (1942). r 
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Porphyrindin, a powerful oxidizing agent, reacts rapidly and stoichio- 
metrically with cysteine and with protein —SH gi-oups in the cold. 
The dye is deep blue in the oxidized and slightly yellow in the reduced 
state. At pH 7.0, Eq = +0.57 volts. 

Porphyrindin is useful for estimating protein sulfhydryl groups, 
which in turn play an important part in cellular respiration and enhance 
the functioning of certain hydrolytic biocatalysts such as urease, papain, 
kathepsin, and cerebrosidase. The appearance of a free sulfhydryl group 
coincides also with loss in activity of such active principles as insulin. 

Porphyrexide and prophyrindin can be reduced to their colorless 
leuco form by pyrrocatechol, hydroquinone, pyrogallol, cystein, and 
ascorbic acid. The reduction can be followed potentiometrically in an 
atmosphere of pure nitrogen. The form of the titration curve is in good 
agreement with that predicted for free radicals. 

Benzimidazole is prepared from o-phenylenediamine by reaction with 
formic acid, or compounds, such as chloroform and alkali or hydrogen 
cyanide, that are capal)le of forming formic acid.^^^ The compound 
melts at 170® and boils above 360®. It forms a 1-methyl derivative with 
methyl iodide at 240® or with potixssium methyl sulfate. 

Benzimidazole silver is insoluble in ammonia solution,possibly 
because the silver salt exists as an inner complex in which the partial 
valence of the nitrogen atom in the ring, rather than the nitrogen in the 
ammonia molecule, is attached to the silver. Copper forms a brick-red 
complex^^® when an ammoniacal cupric acetate solution and benzimida¬ 
zole react together. The complex is stable to boiling potassium hydrox¬ 
ide (4 N) but unstable to ammonium sulfide or potassium cyanide. 
Its formation can serve as a test, either for small quantities of copper or 
of imidazole. Nickel forms an ultramarine blue complex, cobalt yields a 
similar but reddish one, and cadmium and zinc form white products. 

1^5‘Dimethylimidazole is obtained by reduction of 3-nitro-4-dimethyl- 
aminotoluene.^^^ Intermediate nitroso groups are formed in the process. 
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and Desnuelle, Z. physiol Chem,, 251, 14 (1938). 

Greenstein, J. Biol Chem., 126, 501 (1938); Grunstein and Jexrette, ibid., 
142, 175 (1942). 

®i®Kuhn and Franke, B<t., 68 , 1528 (1935). 

Wundt, ibid.y 11, 826 (1878); Dains, ibid,^ 86, 2503 (1902). 

*1* Bamberger and Lorenzen, 4nn., 278, 279 (1893). 

*1* Skraup, ihid.f 419, 1 (1919). 

PiNNow, Ber., 28, 3041 (1895); J. prakl Chem., 66, 579 (1902); Lauer, Sprung, 
and Lakgkammsbeb, J. Am, Chem. Soc., 68, 225 (1936). 
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Pyridohemimidazole is an example of the complex systems that can 
be prepared.2-Aminopyridine reacts with picryl chloride. The 
N-2' ,4' ,6M rinit rophenyl-2-aminopyridine so produced loses nit rous 
acid readily when heated in boiling dimethylaniline. The product is 
pyrido[l,2-a]-6,8-dinitrobenzimidazole, also called l,2-pyrido*7,9-dinitro- 
4,5-benz-l ,3-diazoline. 



The structure is proved by reduction (platinum and hydrogen) of the 
two nitro groups and then removal of the amino groups by boiling the 
tetrazotate in alcohol to obtain the known parent compound (m.p. 179®). 
Similar compounds can be prepared from the amino derivative of (luino- 
line, isoquinoline, and phenanthridine. 

The compounds below are all convertible to imidazoles by reaction 
with an aldehyde in the presence of ammoniacal cupric acetate.-^^** The 
products obtained with formaldehyde are, respectively, l-imidazole[c]- 

(Fjoin diphonvltnc oxide by 
nitration ieduction, nitration, 
and I eduction) 


pyridine, l-iinidazole[/]quinoline, and 3-benzofuto[2,3-/]benzimidazole 
otherwise known as imidazolo-5',4',2,3-diphenylene oxide. 

MISCELLANEOUS AZOLES 

The oxadiazoles, thiadiazoles, triazoles, and tetrazoles are not, in 
general, so important as the other azole compounds with fewer hetero 
atoms. The general chemistry of these compounds has been described 
in the previous chapter. A limited number of compounds will be 
described here. 

Furoxans have an interesting relationship to the anti, syn, and amphi 
dioximes.^^^ Rliduction opens the ring and gives the amphi dioxime 
only. Oxidation of the anti, amphi, or syn dioxime gives only the one 
furoxan. The illustration below is typical of the results obtained when 

Morgan and Stewart, J. Chem. Soc., 1292 (1938). 

Wbidbnhagen and Wbbi>en, Ber , 71, 2347 (1938). 

WieJjAnd and Semper, Ann., 858, 36 (1908); Mbisenhbimer and coworkers, 
tbtd , 444, 94 (1925); 468, 202 (1929); Kinney, J. Am Chem. Soc., 61, 1592 (1929). 



(From 7 -pyn<lonc nitrate by (1 lom <)>atninoquinohu( bv n 
nitration, chloiination with tiation and u duct ion) 

phosphorus ponta- and oxy¬ 
chlorides, ticatment with 

methanol to give the methox\ 
compound, ammonol^sis with 
ammonia under pressure, re¬ 
duction of mtro gioup) 



A-ZOIjlSS 


465 


the groups attached to carbon are the same. More complicated systems 
are encountered when the groups are different. 


Anti 


PhC--CPh 

hoA Aoh 


Amphi Syii 

PhC-CPh Ph('-(Tlx 

hoA hoA Aoh hoA 

a J, t 

PhC^ CPh 

VA A ^-' 

^ N)/ 


« Oxidation with •sodium hypochloiite. ^ Reduction with /inc dust and acetic acid in alcohol 


UPhenyl-‘5-amino-lf2,S-triazole (m.p. 110®) is prepared from 1-phenyl- 
l,2,3-triazole-5-carboxylic acid by a Curtius reaction. The amino group 
can be diazotized and the diazo compound coupled with /S-naphthol. 
The amino compound undergoes an interesting isomerization at 145®, in 
boiling pyridine, or in hot acetic anhydride.^*” The product is the 
5-anilino-l-phenyltriazole, as if the phenyl group had wandered from a 
nitrogen atom in the ring to one in the side chain. The mechanism is 
possibly a cleavage between the 1- and 2-po9itions with an interchange 
of nitrogen atoms between the ring and the amino substitutent. 


\ N--- 


N2 

\, 


(Mir, 


NH 2 


N- 

H 


NHCeHs 


Vrazole (m.p. 244®) is obtained by heating urea with hydrazine.^^® 
The reaction proceeds through the intermediate formation of biuret. 


HN 


/ 

I 

\ 


C(0)NH2 


+ H 2 NNH 2 HN 


C(0)NH2 




C(0)—NH 


+ 2NH8 


C(0)—NH 


The compound dissolves easily in water, less readily in alcohol, and 
with difficulty in ether. It is acidic and forms a crystalline sodium salt. 
Phosphorus pentasulfide converts it to 1,2,4-triazole. Hot acetic anhy¬ 
dride and sodium acetate cleave the ring and form tetraacetylhydrazine. 
Oxidizing agents convert it to a cyclic azo compound,knoAvn com- 

318 Dimroth, Ber., 86 , 1029 (1902); Ann., 268 , 272, 314 (1890). 

3 ^® Pellszzabi and Cunbo, Gazz, chim. iial,, 24 , I, 499 (1894); Thible and Uhl- 
FELPER, Ann., 808 , 94, 102 (1898); Diels, Ber., 86 , 739, 744 (1903); Stoll6 and 
Krauch, J. yrakt Chem. [2], 88 , 313 (1913). 

*3® Busch and Ulner, Ber., 85 , 1718 (1902); Stoll:6, ibid., 45 , 276, 286 (1912); 
Thiele and Stange, Ann.^ 288 , 42 (1894). 
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HN 


^C(0)—N 
'^C(0)— 


monly as azodicarbimid, but which might also be called dehydrourazole or 
3,4-diketotriazoline. The silver salt of the azo compound and iodine 
give an unstable violet-colored oil that hydrolyzes readily and forms some 
urazole together with carbon dioxide, ammonia, and nitrogen. 

Phenyl- and tolyl-urazole are prepared by methods analogous to those 
for urazole, but with phenylhydrazine and phenylsemicarbazide or the 
corresponding homologues instead of hydrazine. 

\-PhcnylA-carbomcthoxy--^-hydroxyA f2,^-triazole is prepared from the 
reaction of phenylazide and dimethyl sodiomalonate in methanol. 


H 

CHaOaCCNa 


MeO< 


ho 


+ C.H»N3 


CH 3 O 2 C 

HO 


—N 

iS 

Colls 


Compounds of this type were studied extensively by Dimroth,^^^ who 
found that the equilibrium point between the triazole or enol form and the 
diazomalonanilide ester or keto form was dependent on the relative 
solubility of each form in the solvent employed. 

CH ^0,CC -CHaOzCC_‘ -N 

I II ^ I li 

HOC N 00 N 

\x/ \ 

NTtT 


lj2f5-TriphenylAf3ji-iriazole is prepared from dibenzoylhydrazine 
and benzanilide or aniline at 240°. It possesses physiological properties 
not unlike those of strychnine. Similar methods of synthesis, applied to 
a-benzoyl-j3-phenylacetylhydrazine yield the corresponding diphenyl- 
benzyl compoimd.^^^ 

2-PhmyUb-methyltetrazole^^^ (m.p. 40°, b.p. 140°/15 mm.), has the 
odor of jasmine, although the isomeric 1-pheny 1-5-methyl compound has 
no odor. 

Metrazole, or pentamethylenetetrazole, is prepared from cyclohexanone 
by use of hydrazoic acid and sulfuric acid as described before (see 
page 372). The compound has a medicinal value^ in the shock treatment 

*”Dimkoth, Ber.f 85, 4041 (1902); Ann., 899, 91 (1913); Dimeoth and Tatjb, 
Ber,y 89, 3915 (1906); Dimeoth and Aikelin, tftid., 89, 4390 (1906). 

Bhagat and Key, J. Chenl, Soc,y 2357 (1930). 

5*® Djmeoth and Meezbachbe, Ber,y 48, 2899 (1910), 
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of schizophrenia. The danger of bone breaking by mctrazole shock 
during treatment is relieved by curare. 


(CHOa ^ 


-N- 


\v/ 


N 


Problems 

1. Name the products obtained in the following reactions: (a) Aminoacetone 
hydrochloride heated 1 min. with sodium acetate and acetic anhydride and the 
unpurified product warmed with phosphorus pentachloiide or phosphorus pemtasulfide 
on a water bath.® (b) Hydrazoic acid and phenylpropiolic acid.*^^ (r) 3-Nitro-4-thio- 
cyanoanisolc (how prepared?) treated with concentrated hydrochloric acid and 
stannous chloride.^®* (d) o-Arninophenol heated with p-tolylnitnle.®®® (e) o-Amino- 
ph(‘nol heated with hexahydrobenzamide.®*® (/) Furfural, warmed at 60° in an 
alcoholic solution of potassium cyanide and ammonium carbonate.(^) Diethyl 
dipropylmalonate treated with phenylhydrazine in the presence of sodium ethoxide.®** 
(h) Ohloroinalondialdehydf* (how obtained?) allowed to react in alcohol solution with 
phenylhydrazine.229 (/) a-Methylaminopropionacetal heah'd for 1 hr. on a water 

bath with potassium thiocyanate and hydrochloric acid.^-^” (j) A methanol solution 

of furoin refluxed with copper acetate, formalin, and aqueous ammonia.^®® (k) a,a'- 
Dichloroacetonc and thioacetamidc allowed to stand together in a minimum volume 
of acetone. (/) p-Chlorophenacyl bromide refluxed in alcohol with thioaceta¬ 
midc.®®* (m) Leucine tr(»ated with potassium cyanate and the product boiled with 
10 per cent hydrochloric acid.*®® (n) Butyroiu and urea.*®* (o) Thiourea and 
dichloroethyl ether in alcoholic solution.*®®® (p) Diethyl ketone treated wnth ethyl 
formate and sodium ethoxide and the product then treated with phenylhydrazine.*®** 
(q) o-Phenylenediaminc boiled for 30 min. with glycolic acid and 4N hydrochloric 
acid.*®®® (r) 4-Nitrodiacetyl-o-phenylenediamine hydrolyzed with aqueous hydro¬ 
chloric acid.*®®** (s) Thioglycolic acid and methyl isothiocyanate.*®®® (t) Tetraacetyl- 

hydrazine heated with zinc chloride.*®®^ (w) p-P)thoxyphenylthiourea allowed to 
react with thionyl chloride.*®®‘^ (v) Bis[trichloroacetyl]hydrazine heated with 

phosphorus pentachloride at 150 to 160® or with thionyl chloride.*®®*‘ 

**^ Oliveki-Mendala and Coppola, Gazz chtrn. ital., 40, II, 440 (1910); Dimroth 
and Fester, Bcr,, 43, 2219 (1910). 

22 ® Oohiai and Katada, J. Pharm. jSoc. Japan, 60, 543 (1940); C,A., 36, 1785 (1941). 

*** (a) Wheeler, Am, Chem. ./., 17, 399 (1895); (6) Skraup, Ann., 419, 1 (1919). 

**^ Henze and Speer, J. Am. Chem. Soc., 64, 522 (1942); Henze, ''Phompson, 
and Speer, J. Org. Chem., 8, 17 (1943). 

**® Conrad and Zast, Ber., 39, 2282 (1906). 

*** Dieckmann and Platz, ibid., 27, 4644 (1904). 

**® Bartles, Pyman, and TRoylance, J. Chem. Soc., 127, 581 (1930). 

*®i Hooper and Johnson, J. Am. Chem. Soc., 66, 470 (1934). 

232 Wetherell and Hann, ibid., 66, 970 (1934). 

*®® Dakin, Am. Chem. J., 44, 48 (1910). 

*** Basse and Klinger, Ber., 31, 1217 (1898). 

*®® (a) ScHATZMANN, Ann., 261, 1 (1891); (6) Claisen and Meyerowitz, Ber., 
22, 3273 (1889); (r) Phillips, J. Chem. Soc., 2393 (1928); (d) Phillips, tbid., 172 
(1928). (e) Andreash and Zipser, Monatsh., 26, 159 (1904); (/) StollA, Ber., 82, 

797 (1899); (flf) duPont Company, British patent 379, 341; C.A., 26, 5103 (1932); 
27, 3946 (1933); (h) Stoll:6 and Hblwerth, J. prakt. Chem. [2], 88, 315 (1913). 
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2* Devise a method for the preparation of the following compounds from readily 
available nonheterocyrlic reagents: (a) 2 ,5-Dimethylthiazolc.®*® (h) 2-Chlorothia- 
zole.***“ (r) Diphenylpyrazole.'^* (d) 3,4-Diphenyl-5-p-bromophenylisoxazolc.®‘‘’ 

(e) 3,5-Diaminopyrazole from a pyrazole compound.*** (/) l-Phemyltriazole.*^*'** 
{g) 5-Nitro-l-phenylbenzimidazole.*^° (h) 4,5,6,7-Tetrahydrobenzimidazole from cy¬ 
clohexanone.*^^ '(t) 2-Mercapto-5-carbethoxy-4-methylimidazole.*^* (j) 2-Kthyl-4 
(p-bromophcnyl)-thiazole.*** (A;) 2,5-Diphenyl-l(p-tolyl)-l,3,4-triazole.(/) 

2-Phenyl-5-veratryloxazol<‘, (CHaO)jCeH 3 —C^CH—N=C(CoH 6 )i»“ (w) 
2-Phenyl-5-methyloxazole or the corresponding thiazole.*^* 

8 . Suggest a method for the preparation of each of the following heterocyclic 
compounds. The student should be able to write a total synthesis, (a) 5-Methyl- 
isoxazole.*^* ( 6 ) 3,4,5-Triethylpyrazole.*^^ (c) 2,4-Dimethyl-5-phenylthiazole.*^* 
id) 4-Isobutylimidazole from leucine.*'** (e) 3-PheiiyJ-5-mercapto-l,2,4-thiadia- 
zole;**® 3,5-dipheiiyl-l,2,4-sclenadiazole.*®^ (/) 5-Amlino-l,2,3-thiadiazole.**’* (g) 
3,5-Dipheiiyl-2-trichloro-l,2-oxapho.sphole.**'* (h) 2,5-Diphenylseleniazole.*®^ (/) 2 - 
Phenyl-4-nitrobenzotriazole;**® l-phenyl-7-nitrobenzotriazole,*** and l-pheiiyl-5- 
nitrobenzotriazole.*®® (j) ^/S'-Dibenzimidazolylmethane, 

k N 

/ \ 112 H2 / \ 

C 6 H 4 C—C—C—C 

\ / \ / 

NH NH 

4. Name the product, or products, that may result from each of the following 
reactions or sequence of reactions: (a) Acetylpyruvic acid and the hydrochloride salt 
of phenylhydrazine in aqueous acid solution forms C'joHioNiOj.** (b) l-Alkyl- 3 - 
carbethoxy-4-piperidone hydrochloride heated with phenylhydraziru' and one drop 
of hydrochloric acid in an oil bath at 110 to 150° gives C'^HuNaO.*®^ (r) C’yanogen 
gas passed into a warm alcoholic solution of o-aininophenylmercaptan yields C'sHr 

**« Hubachkk, Ann.j 269, 228 (1890). 

*'*’ Kohler and Richtmkyer, /, Am. Chem. Soc., 60, 3903 (1928). 

*** Knoor, Ber., 37, 3520 (1908). 

**» Michael, Luhn, and Higbee, Am. Chem. ./., 20, 377 (1899). 

*^* Phillips, J. Chem. Soc., 2820 (1929). 

*n Weidenhagen and Wagner, J5er., 71, 2124 (1938). 

*** OcHiAi and Ikuma, ibid.j 69, 11^7 (1936). 

**^ Pellizzari and Alciatore, Atti accad. Lincei^ 10 ,1, 444 (1910). 

*^^ Robinson, J. Chem. Soc., 96, 2167 (1909). 

*®® Gabriel, Ber.^ 43, 1283 (1910). 

*^* Claisen, ibid.f 44, 1161 (1911). 

*<^ Hahl, U.S. patent 1,879,210; C.A., 27, 1091 (1933). 

*« Bachstez, Ber., 47, 3163 (1914). • 

*^* Akabori and Ntjmano, ibid., 66 , 159 (1933). 

*®« Crayen, ibid., 24, 385 (1891). 

*®i Becker and Meyer, 87, 2553 (1904). 

*®* v. Pechmann and Nold, ibid., 29, 2588 (1896). 

*®® CoNANT and Cook, J. Am. Chem. Soc/j 42, 830 (1920). 

Hopmann, Ann.j 260, 316 (1888). 

**®Borschb and Rantsheff, ibid., 379, 152 (1911). 

*®® Fries and Empson, ibid., 889, 350 (1912). 

Enqlebt and McElvain, J. Am. Chem. Soc.j 56, 700 (1934). 
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NsSl*** (d) Acetallylthiocarbimidc, C 7 ni 802 NS (from the reaction of sodium 
hydroxide with carbon })isulfide and aminoacetal), is heated for 1 hr. with 8 -amino- 
quinoline, and the product therefrom is heated with 5 N sulfuric acid.*®® (e) Indene- 
1 -carboxylic acid chloride with diazomethanc gives C 12 H 10 N 4 O.®®® (/) Allyl thio¬ 

cyanate is treated with hydrazine hydrate in alcohol in an ice bath, the product 
treated with benzoylchloride, and the mono-benzoylated product then treated with 
acetyl chloride on a water bath. The composition of the final product is C'hHhN 
{g) o-Phenylenediaminc is treated with acetic anhydride, the diacyl derivative is' 
allowed to react with nitric acid, the product is then boiled with 4 N hydrochloric acid, 
and this material, in turn, is treated with iron powder and hydrochloric acid. The 
compound finally obtained is CgHaNs.®**® (h) Kthyl benzoylacetate is treated with 
sodium nitrite in acetic acid, the product is allowed to react with zinc and aqueous 
sulfuric acid, and the second product is treated with nitrous acid. The last compound, 
CiinioN 203 , yields (hiHisN^Oa when allowed to react with semi-carbazide.®®** (/) 
Compounds that have the formula C 9 H 7 NO 2 and CnIT 7 N 302 are obtained when 
diazomethanc reacts with isatin®®^ and with 1,2-naphthoquinonc,®®® respectively. 
(j) The product of reaction of benzil and diazomethane has the composition C\6Hi202. 
(This reaction is not shared by diacetyl or by acetonylacetone.)*®® (k) Kthanol, 
formaldehyde, and dry hydrochloric acid give a product of the composition CsHtOCI, 
which, by reaction with cuprous cyanide and then with phenylmagnesium halide, 
gives a compound of the coniposition CioHuOa. This compound in turn reacts with 
anhydrous hydrogen cyanide and ammonia. The product, (^IHHN20, is converted 
to CuHuNaO. by solution in glacial acetic acid and treatment wdth an equivalent 
amount of potassium cyanate at 65 to 70®. Treatment with 20 per cent hydrochloric 
acid gives a final product, (^ 121114 X 203 .*®^ (1) Benzoylhydrazine is heated at 180® 

for 3 hr. with phenylacetic acid in the presence of a few drops of pyridine, and the 
product of this reaction is heated with anilme at 180 to 190° for 3 hr. in the presence 
of fused zinc chloride. The composition of the final product is C 21 H 17 N 3 .®®® (m) 

Dibenzylideiic hydrazine, CeHbCH—N—N=CHC 6 H 6 , is heated at 127® with three 
molecular quantities of acetic anhydride for 35 hr. The reaction mixture is then 
allowed to stand for 2 weeks, during which time the crystals that first formed redis¬ 
solve. Distillation of the %uil product yields a fraction that boils at 165 to 169® 
(624 mm.) and has the empirical composition C 4 H 6 N 2 O.*®® (n) <o-Aminoaceto- 

plumone hydrochloride is dissolved in water and treated with benzoyl chloride and 
aqueous potassium hydroxide, and the product of that reaction is treated with con¬ 
centrated sulfuric acid on the water bath for 2 min. and then poured into water. 2 ^® 

Hofmann, Ber., 20, 2251 (1887). 

2®® Kasson and Pyman, J. Chem. Soc.^ 1806 (1932). 

®®® Knowlks, Buck, and Elderfield, J. Org. Chem.j 7, 374 (1942). 

®®i PuLVERMACFiER, Ber.y 27, 613 (1894). 

2(12 Phillips, J, Chem, Soc., 172 (1928). * 

26 J Wolff and Hall, Ber., 86, 3612 (1903). 

®®^ Heller, ihid., 62, 741 (1919); 69, 704 (1926); Arndt, Eistert, and Ender, 
ibid., 62, 44 (1929). 

*®8 Fieser and Hartwell, J. Am. Chem. Sor., 67, 1479 (1935). 

®®« Biltz and Paetzold, Ann., 483, 81 (1923); 486, 154 (1924); Arndt, Aaiende, 
and PANDER, Monatsh,, 69, 202 (1932). 

®®’^ Rigler and Henze, J. Am. Chem. See., 58, 474 (1936). 

*®8 Bhagat and RAy, J. Chem. Soc., 2357 (1930). 

Ekeley and Lefforge, J. Afn. Chem. Soc., 68 , 562 (1936). 

Robinson, J. Chem. Soc., 96, 2167 (1909), ^ 
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ip) Ethyl formate is allowed to stand overnight with aminoaeetal, the mixtui^ h^ted 
for 1 hr. at 100°, and the product then heated with phosphorus pentasulfide for 10 
min, in an oil bath at 160°. 

6 . 2-Amino-4-nitrotoluene is the starting material for the following sequence 
of reactions: dia 2 otization, reflux, reduction with stannous chloride (4), diazotization, 
hydrolysis in concentrated sulfuric acid which contains boric acid, coupling with 
phenyldiazonium chloride, reduction with sodium hydrosulfite, aerial oxidation (B), 
and addition of sodium bisulfite (C). 

What are the products at A, J5, and C, if the empirical formulas of these products 
are C7H7N8, C7H4N2O2, and r7H6N2S05, respectively?*^* 

6 * (o) Benziminoethyl ether, C6H60(—NH)OC> 2 H 6 (how prepared?), is allowed 
to stand with ^-bromoethylamine hydrobromide (how prepared?) for many days in 
the presence of sodium methoxide. The mixture is then treatwl with alcoholic 
hydrobromic acid, and the salt of a base that has the composition C 9 H 10 N 2 is isolated. 


What is the probable structure? Q>) 2-Ethoxy-Ai-homopipcridiDe, ((IjHj).—N=(*>- 
OC2H5 (how prepared?), is treated with jS-bromoethylamine as in the above example. 
What is the structure of the product, C 8 Hi 4 N 2 ?*^’* 

7. The compound (2-thio-3'methyl-4-ketotetrahydro-5-thiazolyl)(2'-thio-3'- 
methyl-4'-ketotetrahydro-5'-thiazolylidine)-m€Somethylmethane is claimed to be 
a dye intermediate that is useful in photography. What is the formula of this 
compound and how is it probably prepared? Do the same for 3-ethyl*5-[2-(3-methyl- 
2 (3)-benzothiazolylidene) ethylidenejrhodanine. 

S. Each of tlie empirical formulas listed below represents a compound with one 
heterocyclic ring. Suggest a structural formula for an azole that would be con¬ 
sistent with the composition indicated and that could be prepared from readily 
available reagents. 


CuHi80N**«“ 

CioHflON*76 


Ci2Hi202N2*^^ 


9. What is the product of the reactions of the following compounds of the azole 
type? (a) 2-Aminothiazole-4,5-dicarboxylic acid heated at 170 to 200° with resor¬ 
cinol.**® (6) 3-Methyl-l-phenyl-4-pyrazolonc withisatin-a-anilidc.**^ (c) 1-Methyl- 
5-chloroimidazole heated for 8 hr, at 135 to 140° with formalin.*** 

*^i Gabriel and Bachstez, Bcr., 47, 3169 (1914). 

*^* Fieser, J. Am. Chem. Soc.^ 48, 1097 (1926); Fieser and Ames, ihid.y 49, 2604 
(1927). 

*^® Stoll6, Merkle, and Hanusch, J. prakt. Chem., 140, 59 (1934). 

*^^ Kendall and Fry, British patent 540,577, Oct. 22 (1941); C.A., 86, 4041 
(1942); British patent 519,895, Apr. 9 (1940); C.A., 86 , 715 (1942). 

876 Fischer, J. prakf. Chem. [2], 78, 419 (9906). 

*^« Gabrield, Ber.j 48, 1280 (1910). 

*77 Knoor, ibid., 20, 1906 (1887). 

*7* Fries, Ann. 454, 303 (1927). 

*7» Cook and Jones, J. Chem. Soc., 278 (1941). 

**« Db, j, Indian Chem. Soc., 7, 617 (1930). 

**' Felix and FriedlXnder, Monatsh., 81, 55 (1910). 

*** G^indlby and Pyman, J. Chem. 80 c., 3128 (1927). 
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10. Devise methods for preparing the following open-chain compounds by proc¬ 
esses that employ an intermediate azole compound, (a) Furanacetic acid.**® (b) 
Propylenediamine-1,2, CsHgNa, from dextrose.**^ (c) 1,2,4-Triaminobutane tri- 
hydrochloride.*** (d) Furylalanine, C4H*0 OH 2 CH(NH 2 )(DOH.**« 

11 . (a) a-C'hloroquinoline is heated with pure hydrazine hydrate at 140°, and 
the product is then treated with phenylisothiocyanatc in alcohol. The crystals which 
thus form have the composition (/iftHuN 4 S apd change at 150° to a weakly acidic 
compound that dissolves easily in alkali but not in animonia and has the composition 
C 1 oH tN gS. Warm dilute nitric acid converts this last product to a compound identical 
with that obtained when a-quinolylhydrazine is boiled for an hour with anhydrous 
formic acid. What compounds are involved in these changes?**’' What is the product 
of the action of the hydrazine compound with nitrous acid? (h) A concentrated 
acetic acid solution of benzoylacetone, CJ6H5C(0)rH2(UO)CH8, is treated with a 
concentrated solution of sodium nitrite. The product is then reduced with zinc and 
sulfuric acid. Yellow-green crystals are obtained which melt at 65 to 66° and have 
the composition C 10 H 8 N 2 O 2 . When the product is treated with ammonium hydro¬ 
sulfide and the solution is saturated with hydrogen sulfide, two isomeric compounds 
result. They have the composition C/ioHgNaOS and form isomeric semicarbazones. 
What conclusions as to structures might be drawm from these facts? (r) 1,2,4-Tri¬ 
azole undergoes ring scission in the presence of benzoyl chloride and sodium carbonate. 
Picture the probable intermediate steps in the process.**® 

12. Suggest methods for preparing the following: (a) Two isomeric N-phenyl- 

triazoles.*®* (6) Two isomeric angular 2-aminonaphthathiazoles.** (c) Two iso¬ 
meric methylphenyloxazoles or thiazoles.® ^ 

13. Vitimidazole, 4-methyl-5(i8-hydroxycthyl)imidazole, is the imidazole analogue 
of the thiazole part of thiamine, but lacks the characteristic activity of the thiazole 
compound. Devise a method for preparing CH8C(0)CH2CH2CH20H and show 
steps for converting this intermediate to the imidazole compound.*®i 

14. Imidazolylacetic acid, i^jHsNsCHgCOOH, is the imidazole analogue of 
indoleacetic acid. It has been suspected of being a possible metabolic intermediate. 
Suggest a method for its synthesis.*** 

16. The product of the reaction of lin.-naphthotriazolc with chloroacetyl chloride 
in boiling benzene has the composition O 12 H 8 OCTN 8 . Treatment of this product 
with aluminum chloride in nitrobenzene liberates a gas and forms (h^HgOgN. Sug¬ 
gest structures for those substances and a method for synthesis of the last compound 
from chloroacetic acid whi(‘h would confirm the conclusion as to structure.**® 

16. Isatin is heated with rhodaminc in a glacial acetic acid, acetic anhydride, 
sodium acetate mixture. The product (A) so prepared is then heated with one 

*®® Plucher and Amstutz, J, Am. Chem. Soc.^ 62, 1512 (1940). 

**^ WiNDAUS and Knoop, Ber., 38, 1166 (1905). 

286 W 1 NDAU 8 , Dorbies, and Jensen, ibid.^ 54, 2745 (1921). 

*** Gbanacher, Helv, Chim. Acta^ 6, 610 (1922). 

**^ Mabckwald and Meyer, J3er., iz, 1885 (1900). 

*®*WoLPF, Bock, Lorentz, and Trappb, Ann., 326, 129 (1902); Wolff, ibid.^ 
394, 23 (1912); Staudinger, Helv. Chim. Acta^ 4, 239 (1920). 

*»* Heller, Ber., 40, 114 (1907). 

*®« Dimroth, ibid., 36, 1035, 1045 (1902); v. Pechmann, Ann., 262, 290 (1891). 

291 Sargent, and Btjchman, J. Am, Chem, Soc,j 67, 496 (1945). 

•** Pyman, j, Chem, Soc.y 99, 668 (1911). 

Fries, Walter, and Schilling, Ann,, 616, 248 (1935). 
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equivalent of alcoholic potassium hydroxide for 1 hr. A red solid, which is a mono 
potassium salt, C 11 H 6 KN 2 O 2 S 2 , {B) is obtained. When this salt is suspended in 
water, hydrolysis occurs and product A is obtained. If three instead of one equiva¬ 
lent of alcoholic potassium hydroxide are used, a canary-yellow crystalline solid is 
obtained as a dipotassium salt, C 10 II 6 K 2 NO 8 S, {S). Acidification yields the product 
(m.p. 166® corr.) that has the composition, CioHyNOsS, {D). What is the probable 
constitution of the four compounds indicated? The products of the action of D 
with aniline, hydroxylamine, and phenyl hydrazine are C’ieHi 2 N 208 , Cjon 6 N 20 g, and 
CheHnNsOg, respectively.*®* 

17. Devise methods for synthesizing from a readily available material the com¬ 
pound illustrated as A below, and from that compound B and C in sequence. Give 
appropriate names to the compounds. 



18. What is the probable product that results from mononitration of the acetyl 
derivative of A in the problem above? In the preparations listed below, give the 
structure and name of the compound produced. When A is diazotized and the 
diazonium sulfate solution heated to boiling in aqueous sulfuric acid, a small amount 
of the hydroxy product is obtained, but the larger quantity is a red compound, insol¬ 
uble in alkali, which has the empirical formula G 24 Hi«N 80 . When A is heated in 
alcohol with an equal part of benzaldehyde, a precipitate, the composition of which 
is C 19 H 14 N 4 , is obtained; and this precipitate, when boiled in acetic acid, gives a 
yellow product (m.p. 315®), which has the composition CgiH 2 iN 7 . Bromine converts 
this product to CaiHioNr. When the above mentioned hydroxy compound, derived 
from A, is (a) treated with oxulyl chloride and aluminum chloride in carbon bisulfide, 
a greenish-yellow product (m.p. 203®) with the composition CiAIrNaOa is obtained. 
When the hydroxy compound is ( 6 ) treated with benzaldehyde in alcoholic solution 
and saturated with dry hydrochloric acid, a compound with the composition CsiHgg 
OgN# is obtained which changes to one with the composition CsiHgoONa when heated 
in toluene with phosphorus oxychloride.*®^ 

19. A chloroform solution of p-aminobenzonitrile is stirred with an aqueous suspen¬ 
sion of thiocarbonyl chloride and the product then isolated and treated with alcoholic 
ammonia. This compound, in turn, is dissolved in chloroform and treated with 
bromine. Analysis of the reddish-brown crystalline mass shows 64.6 per cent of 
bromine. This compound is suspended in sulphurous acid and treated with sulfur 
dioxide, after which a white flaky precipitate (analysis S » 18.3 per cent) is obtained 
from the colorless solution by addition of ammonia. What is the probable structure 
of the compounds obtained in this sequence of reactions.*®*^ 

GbXnacheb and Kouniniotis, Helv, Chim. Acia., 11, 1241 (1928); Jones and 
Henzl, J. Am, Chem, Soc,, 64, 1669 (1942). 

*•« (a) Fbibs, SuDflOFF, and Brettschneider, Ann., 464, 131 (1927); ( 6 ) Dyson, 
Hunter,- and Morris, J, Chem, Soc,^ 1186 (1927). 
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20. Suggest a method that will show the equivalence of the 3- and 5>poBitions in 
N-unsubstituted pyrazoles.*®® 

21. Suggest a synthesis which will show that bromination of thiazole at high 
temperatures introduces a bromine atom in the 2-position.*®^ 

22. Monochloroacetono in the presence of excess ammonium thiocyanate yields 
a product that has the empirical formula C\H 6 N 2 S. What tests might be applied to 
distinguish between 2-amino-4-methylthiazole and thiocyanopropimine, HN—C- 
(CH 3 )CH 2 SCN, as a possible formula?*®* 

23. Citraconic acid, HOOCC((^H 3 )=CnCOOH (how obtained?), reacts with 
diazomethane to give a pyrazoline compound. Suggest two possible structures and a 
simple method for distinguishing between them. (Note: The product actually 
obtained is the one that results from the union of the carbon atom of diazomethane 
to the carbon atom next to primary (;arboxylic acid.)*®® 

24. What is the probable structure of the product of the reaction of butadiene 
with diazomethane?*®® 

25. What are the compounds formed from the reaction of potassium thiocyanate 
with a-aminopropiophenone (how prepared?) and a-phenyl-a-aminoacetone (how 
pn'pannl?), respectively? What bearing might these two syntheses have on the 
question of the structure of imidazoles?*®^ 

26. Formaldehyde reacts with 4(5)-methylimidazole in a sealed tube at 120® to 
form 4(5)-methyl-5(4)-liydroxymethylimidazole. How would you show that the 
product is not a /1-ethanol derivative?*®* 

27. Methyl ethyl ketone with ethyl oxalate forms a substituted pyruvic ester. 
•Show how to determine whether this condensation has taken place on the methyl or 
ethyl group of the ketone by use of an appropriate heterocyclic compound derived 
from the ester.*®* 

28. Bromination of 4-methylimidazole may introduce a halogen atom in the 2- 
or 4-po8ition. Suggest a synthesis that will give a proof of the position taken.*®^ 

29. From eac^h of the following cases draw an opinion as to a probable structure 

of the compound from the decomposition products indicated. Suggest a method for 
obtaining the compound, (a) C^ 3 H 403 N 2 in the presence of alkali decompostis to 
acetylene, nitrogen, carbon dioxide, and water,*®* (b) C/ 2 H 4 N 4 in the presence of 
benzoyl chloride and alkali decomposes to 2 molecules of C 14 TI 12 N 2 O 2 and 2 molecules 
of CH 2 O 2 .*®® (c) CHaNs decomposes to hydrazine, ammonia, nitrogen, and carbon 

dioxide when heated with concentrated hydrochloric acid at 200®.*®^ (d) C 8 H 6 N 4 

decomposes to hydrazine, ammonia, acetic acid, and carbon dioxide when heated 
with dilute sulfuric acid at 180®.*®®>*®* 

*»« Knore, Ann.j 279, 188 (1894). 

297 WiBATJT and Jansen, Rec, trav. chem,, 63. 77 (1934). 

*®* Hantzsoh and Weber, Ber,, 20, 3118, 3330 (1887). 

299 y PifiCHMANN and Buhkard, ibid.j 33, 3597 (1900). 

80® Muller and Roser, J, prakt. Chem., 133, 291 (1931). 

*®i Gabriel, Ber., 41, 1926 (1908). 

«o* W1NDAU8, ibid., 42, 758 (1909); Ewins, J. Chem. Soc., 99, 2052 (1911). 

*®* Tracy and Elderpield, J. Org. Chem., 6 , 70 (1941). 

*0* Pyman and Timmis, J. Chem. Soc., 116, 494 (1923). 

* 0 * Jones and Kenner, ibid., 363 (1933), 

®®* Thiele and Heidenreich, Ber., 26, 2598 (1893); Thiele and Manchot, 
Ann., 303, 39 (1898). 

*07 Thiele and Ingle, ibid., 287, 235, 245 (1893). 

*0* Thiele and Heidenreich, Ber., 26, 2598 (1893). 
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83. Suggest a method for the synthesis of the compound pictured below. Under 
what name would the compound be listed in Chemical Abstractsf Where would it be 
found in Beilsteiii? With what other heterocyclic compound could its properties 
be compared?**” 


H 

34. N-Nitrosoaromatic amines undergo a rearrangement to p-nitrosoanilines 
when treated with alcoholic hydrochloric acid. When /3-iiaphthylethylnitroso amine 
is thus treated, the product obtained is CioHiaNj'HCl.*” What changes are involved? 
What would have been the character of the product had an a-naphthylamine been 
used? 

Eiilenmeyer and Ueberwasser, Helv. Chhn. Acta, 23, 328 (1940). 

Fischer and Hepp, Ber., 20, 1247 (1887). 




CHAPTER XV 


THE AZINES AND RELATED COMPOUNDS 


Six-momberod rings with two or more hetero atoms, one of Avhieh 
is nitrogen, are known as azines.^ The number of possible combinations 
is extremely large. The members with two nitrogen atoms are widely 
distributed in nature. Some of the synthetic products that contain an 
oxygen or nitrogen atom are commercially important. 

The methods for preparation often bear a striking resemblance to 
those used for the azoles, except for provision for an additional atom in 
the ring. Usually this extra atom is in the form of a methylene or 
carbonyl group, or in the form of a carboxyl group in place of an 
amino or chloro group. A few illustrations will suffice. The con¬ 
densation of an aldehyde with e-phenylenediamine to form a benzi¬ 
midazole is paralleled by the condensation of a dialdehyde or diketone 
to form a quinoxaline. Similarly, the formation of an imidazole 


R KHs /OC'HR' + o 
NH, ^ loCR'—OR'O 


— ► — H — N ——Is II— a benzimidazole 

' —► —It— =^C It^— Clt^ — a qninoxalino 


Large and small R = a beuz radical, R' = H, alk:slor arjl. The pioductsm the above two reactions 
as well as in the ones below, are represented by a chain of atoms, the extreme ends of which are 
considered to be joined in a ring system. 


by the reaction of an a-arainoketone or aldehyde is the same type of 
reaction as the formation of a pyrazine, save for the extra methylene 

RCO rH2NC(0)lt + ==R(>-N-=CR—NH—an imidazole 

H 2 CNH 2 [H^NCH^CCOR -->=^RC~--N=CH---CR=-'X~-( H= apyraziuc f 

group in one of the reagents; the preparation of a thiazolc from an 
a-chloroketone or aldehyde and a thioacetamide is much the same as the 
preparation of a thiazine from a keto ester and the thioamide, save 

RCvS rilCCOCH/i =RC--S—OH==CR—N== athiazole 

NH 2 IRC(0)CH2C02R -> ==RC~-S~C(0)---CH===-CR---N=== a thiazmc 

* The endings for the lowest state of hydrogenation for ring systems with 3,4,5,6, 
7 ,8,9 atoms irrespective of whether or not hetero atoms are present are -o/e, -me, 
-epme, -ocine^ -oninej and ^ecinef respectively; those for the highest state of hydrogena¬ 
tion are ’-etidine and -ohdine for the first two, respectively; and the larger rings arc 
designated as df-, tetra-, hexa-j etc., depending on the number of atoms of hydrogen 
present, Patterson and Capell, “The Ring Index,” Reinhold Publishing Corporation, 
New York, 1940. 
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for the carboalkoxy group in place of a chloro atom; and the synthesis 
of an azolone by the reaction of an a-chloro ester with ur(*a is the same 
class of reaction as the well-known synthesis of barbituric acids, except 
for the use of a carbethoxy group in place of a chloro atom. This effect 

NH> 

I —HN—C(0)—MI—C(0)—CHa— an imidarolf 

OC^ A- I or 

I iKtOiCX^HiCOzEt —NH—C(0)—NH~(XO)—CH,—eXO) a barbiturate 

NH 2 


of the replacement of a hydroxyl or amino group by a carbethoxy is well 
shown by the reactions below in which the carbethoxy group is used in 
place of the amino group in o-aminophenol as in salicylic acid, or is used 
in place of the hydroxyl group, as in anthranilic acid, to give a benzoxazine 
or a quinazoline respectively. 



a btnzoxazole 


a benzoxazine 


a quinazoline 


Wherever a carboalkoxy group has been used, the ring contains a 
keto group. This substituent is converted re^adily to a chloro group by 
means of phosphorus oxychloride. The halogen is then eliminated by 
reduction with zinc and hot water or with hydriodic acid and phosphorus. 

The reactions that the azines undergo are, in general, predictable 
from the behavior of other heterocyclic compounds that have similar 
functional groups inside or outside the ring. 


OXAZINES AND THIOXINES 

Morpholine is tetrahydro-l,4-oxazine. Its common name was given 
by its discoverer, Knorr,^ who was then engaged in studies of morphine 
and believed that the reaction of diethanolamine with hydrochloric acid 
at 160® had produced the mother substance of the alkaloid molecule. 
The compound may also be obtained from the action of sulfuric acid on 
triethanolamine, itself derived from ammonia and ethylene oxide. 

* Knorr, Ber., 22, 2081 (1889); Ann., 801, 1 (1898). 
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Morpholine* boils at 128.3® and has a specific gravity of 1.0016. 
It is soluble in water in all proportions but not in strong caustic solution. 
It is noted for its solvent powers, which are better even than those of 
dioxane. It dissolves dyes and other molecules of comparatively large 
molecular weight, in addition to a ^vide variety of organic compounds. 

The compound behaves as a secondary amine.* It forms a nitroso 
derivative, a benzoyl derivative from benzoyl chloride and sodium 
hydroxide, a urea from potassium cyanate and the chlorhydrate, the 
methiodide of methylmorpholine by the reaction with methyl iodide, a 
j3-ethanolamine with ethylene oxide, amides^ with formic or acetic 
acids, and a formic ester with methyl chloroformate.^ 

Morpholine serves as a condensing agent comparable to piperidine and 
secondary amines. It causes the Mannich reaction* between formalde¬ 
hyde and compounds with active hydrogen such as those in ketomethyl- 
ene groups. Acetone, paraformaldehyde, and morpholine hydrochloride 
in alcohol, for example, give the hydrochloride of l-morpholinobutan-3- 
one. Phenol, formaldehyde, and morpholine give the 2,4,6-trisubstituted 
product,® fO(CH 2 CH 2 ) 2 NCH 2 ] 3 C 6 ll 20 H, comparable to the one obtained 
when dimethylamine is used as the condensing agent. 

As a derivative of jS-ethanolamine, it has some physiological action. 
There is a slight antipneumococcic activity. Esters of morpholine 
alcohols such as from 2-alkoxycinchoninic acid have some anesthetic 
properties.^ 

Morpholine forms ammonium soaps with oleic and stearic acids, which 
are particularly useful for stable oil in water emulsions.* When spread 
in films, the morpholine gradually volatilizes so that the film cannot be 
reemulsified. 

Phcnoxazines. —e-Aminophenol condenses with pyrocatechol* at 260® 
or with the hydrochloride of o-aminophenoP to give phenoxazin. Com¬ 




pounds of this type can be prepared by a stepwise process^® as shown 
below: 

® Wilson, Ind, Eng, Ckem.j 27, 867 (1935). 

* Medard, Bull, 80C, chim. [5], 8, 1343 (1936). 

* Harradence and Lions, J. Proc. Roy. Soc. N. S. WahSj 72, 233 (1939); C,A., 83, 
5856 (1939). 

* Bruson and MacMullen, J, Am, Chem, Soc.y 68 , 270 (1941). 

7 Gardner and Hammel, ibid,, 68 , 1360 (1936). 

« Bernthben, Ber.j 20, 942 (1887). 

* Kbhemann and Neil, 47, 3107 (1914). 

Turpin, J, Chem, Soc,y 69, 721 (1891); Mibslin and Bau, Helv, Chim, Acta, 2» 
295 (1919>. 
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« Picryl chloride. ^ Hot alkali causes loss of HNOa. 

o-Aminophenol and 2,4,6-trinitroanisole and alcoholic alkali at 70® also 
give 1,3-dinitrophenoxazine. 

Phenoxazine melts at 156® and forms an acetyl derivative. Nitration 
of acetylphenoxazine gives the 3,7-dinitro product," which by reduction 
with stannous chloride-hydrochloric acid gives a leuco product, oxidizable 
by air to a dye. Oxidation of hydroxy-p-phenylenediamine gives the 
same product, but in poor yield. The dye is violet colored in dilute 



acid solution and a strong fluorescent red in concentrated acid. 

This dye is not stable. It is related, however, to a largo number of 
dyes,^^ some of which are particularly valuable or useful in other ways. 
Figure 1 shows a cation or anion of a number of related compounds, 
together with the corresponding indamine compound, which can be 
regarded as the parent type. One resonance form only of the dye is 
illustrated. In the case of the heterocyclic compounds, one of the 
resonance forms may have an orthoquinoid structure also. Acridine dyes 
have a similar constitution except for a carbon atom in place of oxygen 
or sulfur in the bridge between the two rings. 

Meldola^s blue^^ is prepared by condensation of p-nitrosodimethyl- 
aniline with /3-naphthol, followed by oxidation. The product was once 
used to make a dye for tannined cotton and leather. The dust is very 
irritating to the mucous membrane. The compound has a very reactive 



hydrogen atom in the 5-position. It condenses with bases such as 
p-aminodimethylaniline or dimethylamine to form the new blue or new 

^^Kehbmann and Saageb, Ber., 86 , 475 (1903); Kehrmank and Saxdoz, tbid,f 
60, 1680 (1917). 

“Cain and Thokpb, Synthetic Dyestuffs,” Charles Griffin & Company, Ltd., 
London, 1933. 

“ Meluola, Ber ., 12, 2065 (1879). 
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methylene blue GG, respectively. Long boiling with mineral acid in 
the presence of air also converts Meldola^s blue to phenonaphthoxazone.^^ 
The same compound is obtained from new blue or new methylene blue 
GG by hydrolysis. 




Because of this conversion to an oxazone, dyes of the phenonaphthoxazine 
type are capable of a differential staining^^; on fat they are red, and on 
protein, they are blue. The phenoxazine dyes do not have such a 
property. 

The gallocyanines are prepared by condensing p-nitrosodimethylani- 
line hydrochloride with gallic acid in boiling mc^thanol. They are used 
considerably in printing. 

Phenothiazine is prepared by fusion of dipbenylamine with sulfur. 
The pure material melts at 185.11°.^^ It is a remarkable anthelmintic, is 



very valuable as an insecticide, and is useful in therapeutics. It is more 
toxic than rotenone to moscpiito larvae and is fully as effective as lead 
arsenate on codling-moth larvae.^® 

Methylene blue is widely used as a stain in biological work and has 
some value as an antiseptic and dye. It is prepared by the action of an 
oxidizing agent on p-dimethylaminoaniline, dimethylaniline, and thio- 
Bulfuric acid. The reaction proceeds through an intermediate sulfur 
compound as well as through other obvious stages. 


(CH3)2N 



NHa 


(CH,)2N 



N(CH,)s 


The starting compound is prepared by reduction of p-nitrosoditnethylanillnc. 

« Treatment with ferric chloride in the presence erf H*S. A better method is treat with ihiosulfuric 
acid, isolate the intermediate thiosulfuric acid, (CII»)*NC6H3(NH2)S20sH, oxidize a mixture of this acid 
and dimethylaniline, and heat the indamine product in boiling dilute sulfurip arid. 


Thorpe, Chem. Soc,j 01, 324 (1907). 

IS Smith and Nelson, J. Am. Chem. Soc., $4, 461 (1942). 

Beeler, Bull. Nat. Formulary Comm., 10, ^ (1942); Roark, Chem. Eng. News, 
22, 1464 (1944); Smith, Ind. Eng. Chem., 84, 499 (1942), 

Bbwthsbn, Ann., 280, 73 (1885), 
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Thlazines 



-NHa 


Laiith’s violet 


Azines 


CH, CHa 



C\Ha 

Safranine 



dyestuffs with some of the corresponding iiidainines. 


phthalic acid, respectively. Both phthalonie and phthalic acids are 
obtainable from naphthalene.^^ 

5’-Amtnophthalhydrazidej or 5-aminophthalaz-l ,4-dione, is known also 
as “I.uminor^^^ because of the striking bluish luminescence—one of 
the best known—which it displays when in dilute alkaline peroxide 
solution, potassium ferricyanide, or other oxidizing medium. The 
compound is prepared from 3-nilrophthalic acid and hydrazine sulfate 
under the condensing influence of sodium acetate followed by reduction 
of the nitro group with ammonium sulfide. A large number of related 
compounds have been tested for their luminescent power and for the 
color of light emitted. All compounds containing an unsubstituted 
cyclohydrazide ring attached to a benzene ring are chemiluminescent. 
In general, however, the 5-amino compound gives the strongest effect, 
particularly at 18® in the presence of hemoglobin as a catalyst.®® 


PYRIMIDINES 

Compounds with a pyrimidine nucleus comprise by far the largest 
number of important members of the azine group. Monocyclic com- 
Gabriel and Perkin, Ber.y 26, 2210 (1893); cf. Ullmann and Uzbachian, 
ibid,, 36, 1797 (1903). 

** Huntress, Stanley, and Parker, J. Am, Chetn, Soc,^ 66 , 241 (1934); J, Chem. 
Edvmtion^ 11, 142 (1934). 

*®Drbw and Pearman, J. Chem, Soc,^ 586 (1937); Drew and Garwood, ibid,, 
836 (1939). 
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pounds are known as pyrimidines, a fused pyrimidine-imidazole system 
is known as a purine, and the fused benzene-pyrimidine system is known 
as quinazoline. The respective formulas are shown below. 


/Y\ 

06 2 O 




2 O 

'5 3N 

/.// 


16 2 ] 
I 6 sN 
/\^/ 
HN 7 


IK 





The common method of preparation is by condensation of a diamino 
or amino-imino compound with a dicarboxyli(‘ ester or its equivalent. 
The mono-, di-, or tri-keto product can then be converted to a chloro- 
substituted product by phosphorus oxychloride, and the latter group 
then eliminated by a conventional reduction. The four illustrations of 
the formation of a mono(*yclic ring system shown below are typical and 
show the use of urea, amidincs, and pseudothiourea, with alkyl malonates, 
acetoacetates, formyl acetates, and cyano acetates as common inter¬ 
mediates. 


H 2 N 

1 

KtOC^--0 


HX— 

('’H. 

0=-0 

I 

I 

C Hz 

1 

-- 

HiN 

Etor-o 


1 1 

HN—C—0 

H 2 N 

I 

p:to(‘*-=o 

] 


HN—1’^0 

1 1 

ll(^ (m 

liC 

1 

( H 

— y 

II 

NH 

NaOCK^Hs 


N — (['CHa 

H 2 N 

1 

EtOC---0 

1 


HN~r=0 

1 1 

CHaSC 

1 

a 

CII 2 

11 

1 

— ► 

1 1 

HN 



N-CH 

H 2 N 

EtOC=0 

1 


HX--C^=0 

1 1 

1 

HC 

CH 2 

1 


RC CH, 

II 1 

<^^=N 


II 1 

N—C^-=NH 


“ Hydrolysis of the intermediate niercapto (CHsS--) product oecuis. 

In such manner, and by subsequent conversion to chloride and reduc¬ 
tion, pyrimidine (m.p. 21°, b.p. 134°) is obtained from urea and methyl 
malonate^^ or from methylpseudothiourea and ethyl formylacetate;®® the 
2-methyP® homologue (m.p. —4°, b.p. 138°/758 mm.) is prepared from 
•acetamidine and ethyl formylacetate; the 4-methyP^ compound (m.p. 

Gabriel, Ber., 33, 3666 (1900). 

Wheeler and Mbkrian, Am, Chen, J., 29, 478 (1903). 

*« Gabriel, jBm, 37, 3639 (1904). 

^ Behrend, Ann., 229, 1 (1885). 
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< -*150®, b.p. 142®/762 mm.) is made from urea and ethyl acetoaeetate; 
the 5-methylpyrimidine“^ (m.p. 30.5®, b.p. 151.5®/735 mju.) is synthe¬ 
sized from urea and ethyl isostieoinate; the 2,4-dimethyP® homologue 
(m.p. —7®, b.p. 146®) is prepared from aeetamidine and ethyl acetoaee¬ 
tate; the 4,5-dimethyl compound (m.p. 3®, b.p. 177®) is made from 
ethyl pseudothiourea^® and ethyl methylacetoacetate or from guanidine 
carbonate and the same ester^^); the 4,6-dimethylpyrimidine (m.p. 25®, 
b.p. 195®/768 mm.) is obtained from urea and a cetyl acetone^ ^ or from 
methylpseudothiourea and acetylacetone®^); and 4-methyl-5-ethylpyrimi- 
dine^^ (m.p. 238®d.) is made from methylpseudothiourea and ethyl 
ethyla(‘etoacetate. Aryl homologues are prepared by similar reactions 
which employ arylamidines or other intermediates with a benzene ring. 
Benzamidine and ethyl acetoaeetate, for example, give 2-phcnyl-4- 
methylpyrimidine after the phosphonis oxychloride-zinc and water 
treatment of the 6-keto product. 

These compounds, in general, are miscible or appreciably soluble in 
water, depending on the alkyl groups present. They are neutral to 
litmus and form double salts with mercuric chloride. 

Reduction vith sodium and boiling absolute alcohol opens the ring 
and lorms a saturated diamino compound.^*"^ The process is another 
illustration of the formation of aliphatic from heterocyclic compounds. 

N—CH HiN—('H2 

ll A 1 

lie CH (^H2 

I I J 

N—VClh HiN -CllClh 

Permanganate oxidation®'^ converts the alkyl side chains to carboxylic 
acids. Benzaldehyde and zinc chloride forms a benzylidene derivative 
when the methyl substituent is flanked by an amonoaldehyde group in 
the ring. 

The chloro compounds derived from the oxo intermediates in the 
above preparations show the typical behavior when adjacent to a C—N 
group. Ammonolysis occurs at 150 to 200®. If two or more halogens 
arc present in the same molecule, an adjustment in temperature will 
usually permit one or the other to be favored in this replacement reaction. 

Potassium thiocyanate similarly effects a replacement®^ of a chloro 
atom by a thiocyanate group as shown by partial formulas below. 

28 Gerngross, Ber., 38, 3304 (1905). 

22 PiNTNBB, thtd., 22, 1612 (1889). 

20 ScHLKNKER, tbtd,y 84, 2812 (1901). 

21 ANOERSTiiUN, ibid,, 34, 3956 (1901). 

22 Wheeler and Jamieson, Am. Chem. J., 32, 342 (1906). 

82 Byk, Ber., 86 , 1924 (1903). 

2^ Gabriel and Colman, ibid., 32, 1537 (1899); 33, 3667 (1900). 

22 Johnson and SOto-Nagy, J, Am. Chem. Soc.^ 63, 261 (1941), 
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K8CN 

N=(J—Cl-^ n=(^--SCN 

I 61 I 61 

The 'method below used so successfully for transforming a thiocyanate 
RSCN + 3Cl2 + H 2 O RSO 2 CI + 4HC1 + CNCl 

to a aulfonyl chloride does not work satisfactorily with this thiocyanate. 
A welter of related chemical compounds results, probably caused by the 
fact that the by-product, cyanogen chloride, whi(*h readily attacks 
pyridine systems, attacks the pyrimidine system also. 

Sulfadiazine is the product of the reaction of p-aminobenzenesulfonyl 
chloride with 2-aminopyrimidine. The compound is a member of the 
valuable sulfa-drug series. 

Triaminopyrimidinc is obtained either from the redaction of 2,4,6- 
trichloropyrimidine®® and alcoholic ammonia at 215° or from guanidine 
and malonitrile.®^ 


NH 2 CsN 
HsN—i + ('’H, 

ii: ' 




N 


N=CNH8 

► HjNi in 


2-MethyU6^amin(h5-hromoinethylpyrimidinc ,—This compound is one 
of the components of vitamin B. Cleavage of the vitamin by liquid 
ammonia gives C 6 nioN 4 , with bisulfite gives CeH^NsSOs and CoHeNSO. 
The absorption spectrum of C 6 H 10 N 4 is different from the bands of 2,6- 
2,4-, or 5,6-diaminopyrimidine, but is similar to those of 5-alkyl-6- 
aminopyrimidine. Sodium in liquid ammonia converts C 6 H 10 N 4 to 
CeHgNs, which is identical with 2,5-dimethyl-6-aminopyrimidine. 

Synthesis®® of the pyrimidine half of vitamin Bi and thence the vita¬ 
min (thiamin) itself is accomplished by the sequence of reactions pictured 
below. 


EtOCO 

nicHsOEt 

oin 


N=^::oH 

■ CHsi icHjOEt 
Uh 


N==CNH 2 HBr 
► icHjBr 


N—CH 
N=C:NHsHBr 

- CH.i h -CHj- 


CHsCHjOH 


u 


-n 


+ '^8 
Br- 


* The starting material is prepared by the condensation of ethyl /9-ethoxypropionate and ethyl 
formate under the influence of sodium ethoxide. This aldehydo ester then condenses with acetamidine. 
^ P0C1», ale. NH«, UBr. ‘ Salt formation with 4-methyl-5-(i9-hydroxyethyl)-thio*ole (see p. 428). 


Gabriel, Ber., 34, 3363 (1901); 88 , 149 (1906). 

»» Trattbe, ibid,, 37, 4645 (1904). 

Williams, J, Am, Cftem, Soe,, 68, 1063 (1936); 67, 229 (1935); Williams and 
Cline, ibid., 68 , 1504 (1936); Williams, Rxjehlb, and Finkblstein, ibid., 69, 626 
(1937); WiLiiiAM and Spies, Vitamin Bi,” The Macmillan Company, New York, 
1938. 
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Thiamin (vitamin Bi) was first isolated in comparatively pure crystal¬ 
line form in 1926 by Jensen and Donath, analyzed correctly in 1932 by 
Windaus, and synthesized®® in 1936 by Williams and coworkors. A diet 
deficient in thiamin leads to beriberi. The disease was particularly 
prevalent in the Philippines, Dutch East Indies, China, and Japan, where 
the inhabitants subsist largely on polished rice. Wheat germ, yeast, 
and rice polishings are good sources of thiamin. 

Thiamin is oxidized by potassium ferricyanide to thiochrome (m.p. 
226 to 227°). The intensity of the violet-blue fluorescence of this product 


CH2CH2OH a CH, 
Ji CHs ^ 

X- 

« KaFeC'No 



under ultraviolet light measures the amount of thiamin present in a 
sample.®^ 

Barbituric Acid and the Barbiturates — 2,4,6-Trioxypyrimidines are 
known as barbiturates, after barbituric acid, the parent member of the 
series, itself prepared by the condensation of urea with a malonic ester 
under the influence of sodium alkoxide or phosphorus oxychloride.^® 

Barbituric acid has an active methylene between two carbonyl 
groups and an acid function. The chemical properties accord with 
expectations. Benzaldehyde forms the 5-benzal derivative, nitrous acid 
yields a nitroso product^^ called violuric acid, phenyldiazonium chloride 
forms the hydrazone of alloxan, urea at 150 to 170° yields the 5-carbonic 
amide compound^® known as malobiuret or pseudouric acid, fuming 
nitric acid converts it to the 5-nitro product,sometimes called dili- 
turic acid, and bromine yields a 5,5-dibromo product, otherwise called 
dibromin. 

Phosphorus oxychloride at 130 to 140° converts barbituric acid to a 
trichloro compound, which, in turn, with alcoholic ammonia gives, at 
100 °, a mixture of the 2- and 6-amino products, at 160°, the 2,6-diamino- 
4-chloro compound, and at 300°, the 2,4,6-triaminopyrimidine. 

The acidity of barbituric acid is related to the active methylene group 
between two carbonyl groups, the symmetrical and conjugated ring 
system of the enolic form, and the comparatively stable imino carboxylic 

Babobb, Bebgel, and Todd, Ber., 68 , 2257 (1935); Jansen, Rec. trav, chim,, 65, 
1046 (1936); Hennessy and Cbbecbdo, J. Am, Chem, Soc., 61, 179 (1939). 

*0 Dickey and Gbay, Org. Syntheses^ CoU, VoL II, 60 (1943). 

Baeyeb, Ann,f 180, 129 (1864). 

« KOhlung, Bcr., 81, 1973 (1898). 

« Baeyeb, Ann., 186, 312 (1865), 

Habtman and Sheppabd, Org, Synihesesy 18, 58 (1932). 
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acid which is a resonance hybrid of more than one electronic state. No 
one factor is sufficient. Ethyl malonate, with an active methylene 
group, has low acidity; phloroglucinol has the symmetrical and conju¬ 
gated unsaturated ring system but is comparatively weak; and amides 
have a potential imino carboxylic acid system but have no factor that 
will create stability to such an arrangement. The resultant of these 
influences is the strong carboxylic acid character of barbituric acid, 
stronger even than acetic or benzoic acid. The series below shows these 
comparisons in detail. Heavy lines emphasize the imino carboxylic 
acid group which is part of the ring stinicture. Some corresponding 
parts in the other molecules mentioned are shown by heavy lines also. 


N 

/ \ 

HOC am 

ll 

\ / 
c 




1.0 X 10~< 


(Benj^oic 

acid) 

li o 


i. 


H 

C 

/ \ 

HOC COH 


HC 


\ 


CH 


m 

6.0 X 10-6 




3.7 X 10-» 


COM 

I H 

EtO CHa H NH 

/ \ / 

C C 


4 

10-8 


10-i4 


Changes and substitution that destroy one of these factors may have 
a marked effect on the acidity. Monosubstituted barbituric acids show 
a slight difference only in acidity, but 5,5-disubstituted acids show a 
marked drop. Alloxan cannot attain a conjugated ring structure, and 
hydroxyuracil lacks symmetry. These compounds lack the acidity 
of barbituric acid. 


Ethyl baibitunc 
acid 



OH 

3.8 X 10-6 


Diet h ylbarbitunc 
acid 

Oj^N^OH 

3 7 X 10-* 



Hydroxyuracil 

OH 
HO 

OH 

2.5 X 10-» 



The comparative effect^® of dialkylation in barbituric acid and the 
azolones is shown below. The azolones lack the essential features that 
characterize barbituric acid. Hence dialkyl substitution has little 
effect on the acidity of the azolones, but has a great effect on that of 
barbituric acid. Obviously, the hydrogen atoms on carbon scarcely 
participate in any acidity that the azolones possess. 

« Wood, J, Chem . Soe ., 89, 1831 (1906). 

Erlenmeyea and Kleiber, Helv , Chim , Acta ^ 22, 861 (1939). 
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H 

N 

0 =-^/ s 

R2(^::6 nh ii2(^’5 


O 8 - 

iIh rJ*6 


-0=8 O- 

I I 

NH R/'s 


- 0=0 HN- 
lifH rJ'5 


A 


pH values 

4 98 

R.-(rH,)2 7 14 


11 

J| 

11 

11 

0 

6 77 

6 ()4 

6 

5 77 

5 38 

6 

5 84 
b 11 

6 

912 

9 19 


I 

NH 


MethylaMon^^ of liarbituric acid by the silver salt and methyl iodide 
method gives the K-mcthyl derivative, by diazomothane gives both 
mono and di N-mothyl elheis.^*" The acid is converted to an insoluble 
powder, C 6 H 4 OSN 4 , by the action of cyanogen/^^ 

The barbiturates are known chiefly for their hypnotic and sedative 
action, Avhich was discoveredin 1803. The number of compounds that 
have been studied is now so large that general rules^^ can be foi’mulated 
for pre(li(*ting the effect. For good action the compound must be 
dialkylat(‘d at C'b. 'J'he two alkyl groups should have from four to eight 
carbon atoms. One alkyl group must be of the open-chain type. The 
hypnotic effect decreases if the molecular weight is greater than 250. 
Alkylation of the nitrogen atom causes an antiepileptic effect. 

The drugs are not known to undergo any chemical reaction in the 
living cell, but are believed to reduce the permeability of the nerve cell 
l)y surface adsorption. Metabolism is thus curbed; sleep is induced. 
The effect,®- according to the Overton-Meyer theory (1899), is deter¬ 
mined by the distribution of the drug between the blood and the ner\o 
cells which are rich in lipoids. 


Distribution coefh.-.ent = 

water solubility 


The drug is generally administered in conjunction with various 
others, particularly the analgesics and antipyretics, in order to enhance 
the effectiveness. Since many of these other drugs are basic, they will 
form molecular complexes with the barbiturate.®® A few of the com¬ 
mon barbiturates are listed in Table I, in the order of increasing size of 
one of the alkyl substituents in the 5,5-disubstituted compound, follow ed 
by the thio- and the tri-substituted products. 

« CoNRAi) and Guthzeit, Ber., 14, 1643 (1881); 16, 2848 (1882). 

« Dox, /. Am. Chem. Soc., 68, 1633 (1936). 

« Nencki, Ber.y 6, 886 (1872). 

60 Fischer and v. Merino, Chem. Zent,, 74, I, 1155 (1903). 

61 Dox, J. Am. Chem. Soc , 46, 1811 (1923). 

62 Quastel, Trans. Faraday Soc., 89, 348 (1943). 

63 Kuhn and Richter, J. Am. Chem. aSV., 67, 1027 (1035), 
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5-Nitrobarbituric acid, or dilituric acid, is made by nitration of 
barbituric acid/^ It melts at 176° d. The compound has some interest 
in analytical chemistry as a reagent for the separation of sodium from 
potassium compounds. 

Dihromoharhituric acid (Dibromin) is obtained readily by bromination 
of barbituric acid. The two bromine atoms do not react with equal 
ease. In keeping with the general properties of porsubstituted halogen 
compounds, it can act as an oxidizing agent. Ammonia and primary 
and secondary amines remove one halogen atom and form an ammonium 
salt,®® according to the partial formulas below. 



-f RNHs 


OH 

+ HNHBr 
Br 


2RNHBr + C^HsOH -^2RNH2 + CHsCHO -f Bra 


I on 

iBr 


+ RNH2 



If the amino is aniline, one of the products is p-bromoaniline. 

MerhaphaUy sometimes known as ‘^Novasurar^ is the double salt of 
sodium hydroxymercurichlorophenoxyacetate and diethylbarbituric acid. 
The drug is a powerful diuretic. A glance at the formula shows that it is 
obviously a product of the interaction of a barbiturate with a mercurated 
chlorophenol derivative. 

o a 

^^OCHjCOsNa 


Alloxan (m.p. 264° d.) is conveniently prepared” by oxidation of uric 
acid or alloxantin by nitric acid or by chromic acid oxidation of benzal- 


barbituric acid. 



HN—CO 

HO 

HN—CO 

1 I 

OC 5C— NH 

1 i J H \ 1 

8C(0H)2-» 5C-0-Cv 

c 1 1 

OC CO 



1 ^(30 

4] 4| |4' 

—CO —CO OC— 

Hll—io 


4 

/ 



HN—C 

V-NH 




Uric acid 

Alloxantin 

Alloxan 

• KClOs, HCl. 

t H 2 S. HNOa. 




Hartman and Sheppard, Org. Syntheses^ Coll Vol II, 440 (1943). 

Derner and Berner, J. Am. Chem. Soc.j 61 , 3302 (1939); Plein and Dewey, 
Ind. Eng. Chem., Anal. Ed., 16 , 534 (1943). 

Cope, J. Am. Chem. Soc., 54 , 1251 (1932); Nightingale and Morris, iUd., 
68 , 1469 (1936). 

Hartman and Sheppard, Org. Syntheses, 23, 3 (1943) ; Speer and Dabovjch, 
ibid., 21 , 5 (1941), 
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Table I 

Barbituric Acid 
Substituents 

Methyl phenyl. 

Diethyl. 

Ethyl isopropyl. 

Ethyl n-butyl. 

Ethyl isoainyl. 

Ethyl a-methylbiityl. 

Ethyl 7i-h( \y\ . 

Ethyl phenyl . 

Ethyl (‘yclohexyl . 

Ethyl 1-piperidyl. 

Di-n-propyl. 

Isopropyl allyl. 

Isopropyl /3-bronioallyl . 

I so butyl allyl. 

ser-Butyl /^-bronioallyl . 

a-Methylbutyl /^i-bromoallyl. 

Diallyl.‘. 

Ethyl a-methylbutyl thio“ . 

Methyl cyclohexyJ X-methyl 

Ethyl phenyl N-methyl. 

Isopropyl j£^-bromoallyl N-methyl. 

« Thiobarbituric acid derivative. 

Alloxan has a historical interest in that Baeyer, early in his work on 
indigo, was led to some conclusions as to the structure of isatin from the 
similarity to alloxan. The resemblance is shown below with partial 
formulas. 

O H 

H H H 

Alloxan Dialuric acid Barbituric acid 

R - 0 .. "OH^- H. 

H H H 

Isatin Dioxindole Oxindole 

The above comparison suggests that the 5-keto group in alloxan 
will participate in ttte same reactions as does the 3-keto group in isatin. 
It is, indeed, sufficiently active to condense with benzene in the presence 
of sulfuric acid to form 5,5-diphenylbarbituric acid in the same way that 
isatin yields phenolisatin.®* 

Alloxan acts as a hydrogen acceptor with many compounds such as 
** McElvain, J. Am, Chem. Soc., 57, 1301 (1935). 



Common Name 
Rutonal 

Barbital or Veronal 

Ipral 

Ncoiial 

Amytal 

Pentobarbital, X(*ml )U tal, 
or Embutal 
Ortal 

Phenobarbital or I^uminal 

Phariodorn 

Eldoral 

IVoponal 

Allonal or Numal 

Xostral or Xoctal 

Sandoptal 

Pernocton 

Rectidon 

Dial 

Pentothal 

P>ipal 

Prominal 

Eunarcon 
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absolute alcohol in sunlight, hydrazobenzcne, indigo white, hydrouracil, 
and a-amino acids. The last lose ammonia and carbon monoxide while 
undergoing conversion to aldehydes. The alloxan meanwhile is reduced 
to alloxantin, 

H 

-iy 

I „„/l 


by a bimolecular change at the 5-keto group. 

Purpuric acid ami murexide. Treatment of alloxantin with dry 
ammonia in boiling absolute ethanol gives murexide, which is the acid 
ammonium salt of purpuric a(‘id.^” The chemical changes in formation 
of purpuric acid and murexide occur at the 5,5' link as shown below. 


H H 

/ I NH, 1/ 

-O- C5' -> N 

—io ' —(^’o 


1 NHj 

I 



The crystals of murexide have a green metallic luster. In a(][ueous 
solution, purpuric acid hydrolyzes slowly io uramil and alloxan. 

Cytosine, Uracil, b-Methylcytosinc ,—These (‘ompounds are present in 
nucleic acid, from which they are obtained by hydrolysis. Each contains 
a hydroxy group in the 2-position and a hydroxy or amino group in the 
6-position, 6-Methylcytosine has, in addition, a methyl group in th(' 
5-position. These relationsliips are made evident by the vstructural 


formula below. 


Substituent at 

A B 

Name 

M.p., 

®C. 

N===CA 

J J, 

OH 

H 

Uracil 

338® 

HOC sCB 

NH2 

H 

Cytosine 


il — 1: 

NHa 

CHs 

5-Methylcyt08ine 



Uracil is prepared from urea and ethyl formylacetate.®' Catalytic 
reduction of uracil over platinum gives hydrouracil by saturation of the 
4,5-double bond. Uracil can be restored (a) by treatment with alloxan 
which serves as a hydrogen acceptor or (i>) by bromination followed by 
thermal elimination of hydrogen bromide above the melting point (196®) 
of the 5-bromohydrouracil or by alkali and pyridine treatment. 

Cytosine is a hydrolysis cleavage product of thymus nucleic acid and 
is widely distributed in nature, as, for example, iti the wheat embryo 
and in yeast cells. In the laboratory, it is prepared from ethyl pseudo¬ 
thiourea and ethyl formylacetate, followed by the chlorination (POCU) 

Bbown and Johnson, Md., 46, 2702 (1923); Johnson, ibid., 68, 263 (1941). 

Habtley, J. Chem. Soc., 87, 1791, 1796 (1905); Hantsch and Robinson, Ber., 
48, 92 (1910). 

Johnson, J, Am. Chem. Soc., 63, 263 (1941). 
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and ammonia treatment, in order to install the 6-amino group, and 
hydrolysis with hydrogen chloride, to replace the 2-methylmercapto by 
a hydroxy group. It can be made, also, from uracil by conversion to the 
dichloride, ammonolysis of the 2,6-dichloropyrimidine by alcoholic 
ammonia at 100°, separation of the two isomeric chloroamino products 
(2-amino-6-chloropyrimidine is volatile in steam), treatment of the 
2-chloro-6-aminopyrimidine with sodium methoxide, and hydrolysis 
of the ether with aqueoxis hydrochloric acid. 

5-Methylcytosine has been obtained from tuberculinic acid prepared 
from desiccated tuber(‘le bacilli grown in beef broth. The acid is 
hydrolyzed by 25 per cent sulfuric acid and the 5-methylcytosine sepa¬ 
rated, together with cytosine and thymine. 

Purines.- This series of compounds is widely distributed in nature 
as an important constituent in the nucleic acids, as alkaloids in popular 
beverages, as uric acid, and as a component of certain enzymes. The 
parent member of the series is obtained from uric acid by the customary 
conversion of all hydroxy to chloro groups, follo\ved by elimination of 
the halogen by reduction. Purine melts at 217°. As expected from the 
large number of ammonoaldehyde groups that are present, the com¬ 
pound is readily soluble in water and insoluble in ether. The formula 
is shown below. When purine compounds are attached to sugars, as 


N=- 


nJ.; 




sC — 


H 

-N 

7 \ 

sCH 

9 / 

-N 


nucleosides, the position of joining is at N7 or Ng. 

Some naturally occurring purines are listed in Table II. These 
compounds have an oxygen atom at (\, except adenine, which has an 
amino group. These purine bases and uric acid have no methyl groups. 
Hence the keto groups can exist in the tautomeric hydroxy form, as 
indicated in the table. The three alkaloids have a methyl group at N 3 , 
which would retard enolization with the keto group at C 2 . Caffeine, 
which is the most powerful alkaloid, has methyl groups at three nitrogen 
atoms; theophylline, which is the next most powerful, has methyl groups 
on two nitrogen atoms so that enolization to the hydroxy compound is 
impossible; theobromine, which is benign in action, has methyl groups 
on two nitrogen atoms, but has one keto group which can undergo the 
change to the tautomeric form. The alkaloids are N-ethers and hence 
have melting instead of decomposition points; of the three compounds, 
the trimethyl product, caffeine, has the lowest melting point. 

Johnson and Coghill, ibid.j 47 , 2838 (1925), 
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The structural differences between the most widely used sleep-induc¬ 
ing drugs, the barbiturates, and the most widely used sUKjp-destroying 
drugs, caffeine and theophylline, provide an interesting subject for reflec¬ 
tion. Both have a pyrimidine base. The former have two alkyl groups 
at C 5 and can undergo tautomerism readily. The latter has an N-methyl 
urea system attached to the pyrimidine ring at C\ and also at C 4 and has 
methyl groups at N 1 and Na so that no enolization can take place. Theo¬ 
bromine, which is the only one of these alkaloids that can undergo 
tautomerization, has little stimulating influence. 


Table II.— Natural Purine (\)mpounds 




Substituent in positions 

M.p., 


1 

2 

3 

6 

7 

8 

oc 

Nucleic acid bases:" 








Adenine. 




NH.» 



360-365 

Hypoxan thine. 


.. . 


OH 



d. 

Guanine. 


NHo 


OH 



d. 

Xanthine. 


OH 

’ ’ 

OH 



d. 

Alkaloids: 








Theophylline. 

CHa 

-0 

(^Ha 




269-272 

Theobromine. 



CHa 

—OH 

CHa 


337 

Caffeine. 

Clh 

=0 

CHa 

=0 

CTla 


235-237 

Acids: 








Uric acid. 


OH 


-OH 


-OH 

d. 


« The keto forms of tho bases are known by the prefix iso-, e.g., isoxanthim'. 


Coffee contains caffeine, tea contains caffeine and theophylline, and 
cocoa contains theobromine. Soft drinks such as cola contain caffeine; 
so does mat4, a common drink in many parts of South America. The 
kola nut in the Sudan contains 2 per cent of caffeine. Caffeine is a 
powerful stimulant of the central nervous system.®^ Approximately 
100 to 150 mg., a therapeutic dose, is in each cup of coffee; and a similar 
amount is in each cup of tea. Children are more susceptible than adults 
to caffeine, but are unaffected by the theobromine in cocoa. Caffeine 
can be removed from coffee by extraction. 

The synthesis®^ of caffeine, shown below, is typical of the chemistry 
in this series. 


CH,NH 

oi 


CH«N-CO 

- oh sh 


CH,NH CH,N- 


4= 


H2 


IH c J c; 

iCNCHO-^ 5C—N 




sCNCHO 
INHa 


CHa 


4 


\ 


CH 


iC—N 




• Condensation with cyanoaoetic acid, rin* closure by use of KOH which forms the imide. HNOa, 
reduction to the amine, formic acid. * Treatment of the formyl compound with CHal and alkali. 


Goodman and Gilman, ^^The Pharmacological Basis of Therapeutics,” The 
Macmillan Company, New York, 1941. 

Fischke, Ber,, 30 , 559 (1897). 
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Theophylline is converted to caffeine by use of the silver salt and 
methyl iodide.®® By a similar reaction, nucleosides can be prepared 
from the silver salt and such derivatives as acctobromogalactose or 
arabinose followed by hydrolysis with alcoholic ammonia.®* 

Uric acid is one of the early known compounds in organic chemistry, 
having been isolated in 1776 by Scheele and von Bergmann from the 
bladder. It is present in small quantities in urine and, as the ammonium 
salt, is the principal component of the excrement of birds, reptiles, and 
insects. Abnormal pathological conditions in man cause the deposition 
of the comparatively insoluble monosodium salt (the disodium salt is 
soluble) in the joints, the disease being known as gout. 

Though isolated in 1776, the correct structure was not deduced 
until nearly a hundred years later when von Medicus®^ skillfully arranged 
a formula that accounted for the degradation fragments then known, viz.^ 
(a) glycine, carbon dioxide, and ammonia by the action of fuming hydro¬ 
chloric acid or hydriodic acid; ( 6 ) urea and alloxan (known to be derivable 
from mesoxalic acid and urea) by oxidation with nitric acid or chlorine; 

r-1 

(c) parabamic acid [oxalylurea, C(0)C(0)NHC(0)NH] and carbon 
dioxide, both derived by further oxidation of alloxan; and (4) allantoin 
by oxidation with lead peroxide, potassium ferricyanide, or potassium 
permanganate. 

A synthesis, which confirmed this deduction, was carried as far as the 
pseudo acid stage by Baeyer in 1863 and completed by Fischer in 1895 
with the discovery of a successful reagent (quick heating with oxalic 
acid®® at 145 to 155® for 10 min. or with 20 per cent hydrochloric acid®® 
for 20 min.) for closing the ring. In the steps shown below, the branch 
begins at Cs in the pyrimidine ring and ring closure takes place at C 4 . 


Barbituric acid 

„ i 

Reagent 


c—c— 

O H 2 

Side chain 
formed at Cs 
:i) HNO 2 -»=NOH 
2) H —NH 2 

’3) KNCO—NHC(0)NHj 
14) (C00H)2 or 20% HCl-j 

HN-C==0 


■C— 

O H O H 

Name of intermediate product 

Violuric acid 
Urauil • 

Pseudo uric acid 



c==o 


®«Kossbl, Z. physiol Chem.f 18, 304 (1889); Helferich and KOhlbwein, Ber., 
58, 17 (1920). 

•« pRYDB and Williams, J. Chem, Soc., 640 (1933). 

V. Mbdicus, Ann., 175, 243 (1875). See also Fischer, Ber., 17, 1776 (1884). 
Fischer and OcH, ibid.j 28, 2473 (1895). 

*• Fischer, 80, 559 (1897). 
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Uric acid decomposes without melting above 400°. It is a weaker 
acid than acetic, the dissociation constant being of the order of 10“*®. It 
Is scarcely soluble in water. 

Phosphorus oxychloride at 130 to 140° converts uric acid to 2,6,8- 
trichloropurine; wet chlorine, bromine, or oxidizing agents change the 
acid to alloxan; and methyl iodide and alkali convert it to the 1,3,7- 
trimethyl ether. 

Nucleic acids are colorless amorphous powders that are obtained by 
mild hydrolysis of cellular material.’® Yeast contains an acid in the 
fr('o state, about 4 to 7.5 g. of acid per kilogram; the thymus and pancreas 
contain one as a nuclear protein from which it is liberated by enzymic or 
mild chemical hydrolysis. More vigorous hydrolysis breaks an acid 
into sugars, phosphoric acid, pyrimidines, and purines. A probable 
configuration is shown below. 


HO 

O ——O—sugar—^guanine 
B.0^ O 

O—P—O—sugar—^thymine or uracil 
HO^ 0 

O —0—sugar - -cytosine 

HO O 

O—P—sugar—adoniiio 


The pentose sugars, /-ribose and d-arabinose, are present. The hexoses, 
/-glucose and a-methylthioketopentose, occur among the naturally 
occurring nucleosides. 

The early classification of nucleic acids as of plant and animal origin 
is now regarded as inadequate and has been replaced by one based on 
the sugar present. For example, thymonucleic acid, of animal origin, is 
called a desoxyribonucleic acid from thymus, and yeast nucleic acid of 
plant origin is called a ribonucleic acid from yeast. 

Physiologically, the nucleic acids®^ appear to influence the white blood 
cell count of animals. The hydrolysis products xanthine, guanine, and 
adenine also produce a rise in leukocyte values. 

Codehydrogenase I contains adenine and is known as a diphospho- 
pyridine nucleotide. Its function is to remove hydrogen from a mole- 

^®Levbnb and Bass, Nucleic Acids, American Chemical Society Monograph 
Series 66; Johnson and Hahn, Chem. Rev,, 18,196 (1933); Allen, Ann. Rev, Biochem,, 
10, 221 (1941); Gulland, J. Chem. Soc., 1722 (1938). 
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cule, so that oxygen, otherwise supplied, may combine. The probable 
structure^^ is shown below. 


N=^CNH2 

h i—N 


\ 

/ 


CH 




N- 


OCNH, 



I-O-1 ()- 

CH—CH—(’H—('II -('H^—0— 

II I ^ («) 

OH OH I 

O 

I-°-1 I 

CH—CH—CH—CH—C'Hi—O- P^O 
^H i)H OH 


(A) 


The compound dissolves readily in water and is stable at 80°. Alkaline 
hydrolysis breaks the molecule at the points marked (a). The specific 
dehydrogenation action destroys the inner saltlike character of the 
molecule and converts the pyridine ring to a dihydropyridine compound. 
Addition of hydrogen takes place at the points marked (A). 

Codchydrogenase IIj once known as Warburg^s ferment, has a structure 
similar to that of codehydrogenase I, save for the fact that it is a tri- 
phosphopyridine, instead of a diphosphopyridine nucleotide.^- The 
extra phosphoric acid unit is inserted between the two present in the 
diphospho compound. 


O- 


OH OH 


Adenine—sugar—O—P—O——O—P—O—suga r—nicot iiiamide 

4 i i 


An enzyme converts the tri- to the di-compound. The chemical actions 
of the two compounds are similar, 

Alloxazine-adcnine-dinucleotide is believed to have a structure similar 
to those pictured for codehydrogenase except that the dihydropyridine 
end is replaced by an alloxazine. 


OH 

Adenine—sugar—0—P—< 

4 


OH 

-i*—sugar 
<1 


CH, 

CH, 


I O 

I J 


(5 


Euler and Schlenk, Z, physiol. Chem.f 846, 64 (1937). 

^*Bell, Science, 68, 131 (1938); J. Biol Chem., 128, 51 (1939); Warbubo and 
Christian, Biochem. Z., 298, 150 (1938); see also Allen, Ref. 70, 
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The compound acts as a coenzyme of d-amino acid oxidase. It has been 
isolated from milk, yeast, kidney, and liver. 

Cocarboxylase has been isolated from brewers’ yeast and is necessary 
for the activity of carboxylase, pyruvic dehydrogenase, a-ketoglutaric 
carboxylase, and other enzymes. It is a combination of one thiamine 
with two phosphoric acids, one of which is more resistant to hydrolysis 
than the other. 

N^cmh HC -S OH OH 


CH,<!) i—CHa—CHr 

Uh 


\ ^ 

c 

CH, 


A A 


-OH 


Pterins ,—These pyrimidine compounds'^® are found as pigments in 
butterflies, wasps, and other insects. Leucopterin has been prepared by 
fusion of 2,4,5-triamino-6-hydroxypyrimidine with oxalic acid. The 
formula is either that of a purine or a fused pyrimidine-pyrazine system. 
The compounds are very difficult to purify. 


HN— 

I 1 H 

HN-=C C—N 

\ 


HN—O—N 




CO 2 H 


HN—0=0 

or HN=(i! i—N—C=0 

HN—C '=0 
H 


Quinazolines. —A few examples of the preparation of benzopyrimidine 
systems are shown below. The Niementowski reaction^'* involves the 
condensation of an amide with anthanilic acid or related compound. 
Diarylformamidines, acetamidines, and nitriles (with acetic anhydride) 
can be used in place of the acid amide, and acyl aminobenzamides can be 

R ™.H YH._pA,'H 


used in place of the anthranilic acid. Riedel’s synthesis^*'^® consists of 
the reduction of o-nitrobenzaldiformamide with zinc dust and acetic acid. 
In general, the reduction of acyl derivatives of o-nitrobenzylamines gives 


R CH(NHCH0)2 ^ 
NO, 


• Zn + CHjCOjH. 

WiELAND and PuBRMANN, Ann., 644 , 163 (1940); Wieland, Tarltbb, and 
PuRMANN, ibid., 646 , 209 (1940). 

Meyer and Waoner, J, Org, Chem,, 8, 239 (1943). 

Paal and Benker, Ber,, 82 , 1252 (1899). 

Bopert and McColm, J. Am. Chem. Soc., 49 , 2640 (1927). 
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amino compounds which by heat or distillation yield quinazolines. 
Another method, designed especially for the synthesis of analogues of cin- 
cophen, utilizes the readily available o-aminoacetophenone.^® 

R c(0)rH3 ^ Q C( 0 )CH, 

NHj | \ XHC'(Om' 

« R'COCl 4- NaOH. ^ KMn04. Nila in CllaOII at 110°. 

The reactions^^ of the quinazolines are those predicted for a pyrimidine 
system which can be regarded also as a quinoline and isoquinoline com¬ 
bination. As in the case of pyrimidines, all keto products are readily 
transformed to the parent ring by a phosphorus oxychloride-reduction 
sequence. Catalytic (PtO) reduction of quinazoline gives the 3,4-dihydro 
compound, and subsequent sodium amalgam reduction gives 1,2,3,4- 
tetrahydroquinazoline. Permanganate then gives the 4-hydroxy com¬ 
pound as well as the 4,5-dicarboxylic acid of pyrimidine. Methyl 
iodide, yields the 3-methiodide product, and pyrolysis of this salt with 
strong potassium hydroxide gives formic acid and o-aminobenzalmethyl 
amine. 


OeH*—ClI- +N--CH=N->HC00H 4-H2 Nc:cH4(^H=-NOH3 

I _rii,_I. 

Because of the similarity to quinoline and isoquinoline compounds 
and of the existence of quinazoline-containing alkaloids, there ha^^e been 
numerous studies of the physiological behavior of members of this series. 

Quinazoline melts at 48® and boils at 243®. It is neutral and very 
soluble in water. With hydrochloric acid on a water bath, it loses 
ammonia slowly. 

The 2,4-dihydroxy derivative, sometimes called benzoyleneurea, 
can be prepared by a Beckmann rearrangement of the a-oxime of isatin,^® 
the latter obtained from 0-methylisatin and hydroxyl amine. 

O 

i 

H H 

Make and Bogebt, ibid., 57,729 (1935); Gabkiel, Bcr., 36,800 (1903); Gabbiel 
and CoLMAN, ibid., 87, 3643 (1904). 

« Helleb, ibid,, 49, 2757 (1916). 



500 


THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS 


3-Substituted 1,2,3,4-tetrahydroquinazolones are pi’epared from 
N-substit\itcd anthranilanilide and formaldehyde or methylenediimines,^® 
The compounds have a structure resembling that of the isoflavanones. 


R r(0)NHAr 
NH. 


R 


O 

H 


« H 2 CO at 60® or H 2 n(NHR) 2 . 


When the same synthesis is tried with an o-arninobenzyl aryl amine, 
the corresponding product is formed as an interme^diate/ The final 
compoundis, however, a 1-methylol substituted quinazoline or a 
tetracyclic product in which a methylene bridge is formed. The tetra- 
cylic product is known as Trogcr^s base from the original observation of 



Final compound. R “ Cl or Br. Final compound when R = CII 3 , CHbO, or C 2 H 6 O. 


Troger®^ on the product of the action of p-toluidine with formaldehyde 
in acid solution. Troger^s base (m.p. 135 to 136®) loses formaldehyde 
when acetylated or benzoylated. Nitrous acid gives a dinitroso product. 
Ilydriodic acid converts it to 4-amino-l,3-xylene. The base can also 
be prepared by condensation of the tetrahydroquinazoline with formalde¬ 
hyde in concentrated hydrochloric acid at 0®. These facts are consistent 
with the formula®^ below and its change to a phenhomazine by acetylation. 


Hz R Hz 



«HC(0)n. 


Troger’H 1)080 R *» CHsCCO)— or CbHbC(O)— 

2,S-Diinethyl>5,1 l>methano 2,8-diinethyl>5,11-diacylphenhomazine 

dibenzo[&,/][l,5]diazocine or 2,a-dimethyl-5,l l-diaeyl- 

(“Ring Index’’ name) dibon2o[6,jn[l,5]diazocine 

(“The Ring Index”) 

The formation of Troger^s base is the end result of a process, the first 
step of which is the formation of a diimine or Schiff base which is unstable 
Feldman and Wagner, J, Org, Chem,, 7, 31 (1942). 

Wagner and Eisner, /. Am, Chem, Soc., 66,1938 (1934); Miller and Wagner, 
%bid.y 68, 832 (1941). 

Trogbr, J, prakt, Chem, [2], 36, 227 (1887). 

Spielman, J. Aw. Chem, Soc,, 67, 583 (1936). 

** Wagner and Eisner, ibid.y 66, 1938 (1934); Simons, ihid,^ 69, 618 (1937). 
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and rearranges to the aminobenzylaniline (or sometimes also to a diphenyl- 
methane base). The aminobenzylaniline product then condenses with 
another molecule of formaldehyde or with the methylenediimine. 

Vasicine (peganine) is an alkaloid present im a Himalayan plant, 
Adhatoda vasica^ the extract from which is used in India as a fish poison, 
an insecticide, and for the relief of asthma. The alkaloid is associated 
also with the harmala alkaloids. Oxidation of vasicine gives quina- 
zoloneacetic acid, which in turn Avith 20 per cent alcoholic potassium 
hydroxide gives anthranilic acid; treatment with phosphorus oxychloride 
followed by reduction with zinc and hydrochloric acid gives desoxyvasi- 
cine. The last compound gives a benzal derivatives^ with benzaldehyde, 
a reaction that indicates an active methylene group adjacent to an 
ammono aldehyde. Vasicine is synthesized**® by condensation of o-nitro- 
benzylchloride and y-amino-a-hydroxybutyrate followed by reduction 
and spontaneous ring closure. 



« H8NCH2CH2CH(01I)C0aCH8. ^ SnCh 4 CHaCOaH + HCl. 

Desoxyvasicine can be obtained by a biogenic synthesis**^ from o-amino- 
benzaldehyde and the acetal of 'x-aminobutyraldehyde, a process that 
suggests the origin of vasicine in nature. 

Rutaecarpine and evodiamine are obtained from the dried fruit of 
Evodia rutaecarpa, used by the Chinese as a drug. The former is syn¬ 
thesized®® by condensation of a keto^etrahydro-/9-carboline with methyl 
anthranilate by means of phosphorus trichloride; the latter is prepared 
by a similar reaction with the N-methylanthranilate. 


H2 H2 



«PCU. 

SpXth and Nirawitz, Ber., 67, 46 (1934). 

Hanforp and Adams, J. Am. Chem. Soc.^ 57, 921 (1925). 

«« SpXth, Ber., 68, 407, 699 (1935). 

•^ScHOPF and Okchler, A«n., 52S, 1 (1936); cf. IIobinson, J. Chem. Boc., 1079 
(1936). 

Asahina, Robinson, and Manskb, ibid., 1708 (1927). 
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PYRAZINES 


Pyrazines are obtained by the self-condensation of a-aminoaldehydes 
or ketones by the reaction illustrated below for the preparation of 
dimethylpyrazine from the isonitroso derivative of acetone. 


CR.CO HON ^ 

■"il' <(“ "■ 

, NOH OCCHs 

• Sn + HCl. 

The preparation of P~alkylpyridines by pyrolysis of glycerol and 
ammonium phosphate can be adapted to the synthesis of 2,6-dimethyl- 
pyrazine in good yield and of 2,5-dimethyl-3-ethylpyrazine by the 
introduction of more ammonia, in the form of ammonium chloride, in the 
reaction mixture.*® The dimethylethylpyrazine comes presumably from 
the condensation of 2 molecules of acrolein, 1 of acetaldehyde, and 2 of 
ammonia. 


NH3 NHa 
CH2=-CHCH0 



CHb 


A condensation of this general type is responsible for the formation of 
fructosazine (2,6-bis-tetrahydroxybutylpyrazinc, C 12 H 20 N 20 $) by the 
reaction of d-fructose with alcoholic ammonia.®® 

From these products, and related ones, it is possible to derive a 
variety of substituted pyrazines from reactions that are typical of 
pyridine-like systems. Oxidation of fructosazine with hydrogen peroxide 
and alkali or of 2,5-dimethylpyrazinc with permanganate or of benzo- 
pyiazine (quinoxaline)®^ with permanganate gives a dicarboxylic acid. 
Decarboxylation gives pyrazine. Controlled oxidation, by diminished 
permanganate reagent, of 2,5-dimethylpyrazine gives 2-methylpyrazine- 
5-carboxylic acid which can be pyrolyzed to 2-methylpyrazine. Con¬ 
trolled decarboxylation, attained by pyrolysis at 2-3 mm., so that the 
mono carboxylic acid is removed by sublimation as rapidly as formed, 
converts pyrazine-2,3-dicarboxylic acid to pyrazine-2-carboxylic acid. 
The customary conversion of this carboxyl to an amine via the methyl 
ester, amide, and carbamate path is unique among Hofmann degradations 
in that an intermediate sodium pyrazinecarbamate, C 6 H 4 N 802 Na, can 
be isolated.®® Mineral acids or acetic acid decompose the carbamate 

Stoehh, Ber., 24, 4105 (1891); J, prakt. Chem,f 61, 449 (1895). 

DE Bbuyn, Rec, trav, Chim., 18, 72 (1899); Stoltb, C.A., 2, 1978 (1908). 

Gabbiel and Son, Ber., 40,4851 (1907); Sausville and Spoebbi, J. Am , Chem , 
80 c,, 68, 3153 (1941). 

Itall and Spoebbi, J. Am. Chem. 80 c., 62, 664 (1940). 
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with effervescence to 2-aminopyrazine. Aminopyrazines can be prepared 
also by amination with sodium amide.®* 

The parent member of the series, pyrazinCy is the most symmetrical 
of the three diazines and, therefore, has the highest melting point, as 
shown below. 


Common name 

Diazine 

B.p., °V. 

M.p., °C. 

Change in 
m.p., “C. 

Pyridine. 


115 

-42 


Pyridazine. 

1.2- diazinc' 

1.3- diazine 

1.4- diazme 

208 

-8 

34 

Pyrimidine. 

124 

22 

30 

Pyrazine. 

118 

53 

31 


The increase in molting point as the second nitrogen is introduced into 
the pyridine ring in the positions listed above is approximately the same 
for each unit of distance from the first nitrogen atom. 

Pyrazine is miscible with water in all proportions and is very soluble 
in alcohol and ether. It is a strong light-refracting liquid. Bromine 
yields an addition compound; and picric acid, ehloroplatinic acid, mer¬ 
curic salts, and other metal salts form complexes that are useful in 
identification. 

Piperazines can be prepared by reduction of pyrazines. They can 
also be prepared by the reaction of amines and ethylene dihalide. By 
such a method, aniline gives N,N-diphenylpiperazine, which has the 
properties of a dimethylaniline. Hence nitrous acid converts this 


CflHs 

X N 
H2C Hz 

Hz 
X N 

CoHfi 

« Heat. » HNOj, NaOH. 


X CaHe H 

CHs , Hs t 

X CeHi H 


piperazine to a dinitroso compound, which undergoes hydrolysis, like 
p-nitrosodimethylaniline, and gives piperazine. Arylsulfonamides react 
with ethylene dibromide in the presence of alkali to give a sulfonyl- 
piperazine compound which by hydrolysis gives piperazine. This type 
of reaction is general for the preparation of secondary amines. Reduction 

NaOH 

2RSO2NH2 + 2BrCH2CH2Br-^ RS02N(CH2CH2)2NS02R 


of amino acid anhydrides, such as occur in proteins, with sodium and 
boiling amyl alcohol or electrolytic reduction of diketopiperazines in 
general gives piperazines.®^ 

JoiNEB and Spoeeri, ibid,, 63, 1929 (1941). 

Wbbdb, Brusch, and Keil, Z. physiol, chem., 200, 133 (1931). 
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Piperazine (m.p. 104®, b.p. 146®) is a strong base and will absorb 
carbon dioxide from the air. Concentrated hydrochloric acid at 250"* has 
no effect upon the ring system. It reacts readily with aldehydes®® to 
form an N,N'-bispiperazylalkylmethane type of compound. Methylene 
iodide gives the same type of product as does formaldehyde, and 
benzal chloride gives the same type as benzaldehyde. Unless special 
precautions are taken, both ends of the piperazine molecule react. At 
pH of 2.8 to 4.6, one molecule of ethyl chloroformate reacts.®® The 
remaining imino group can then be treated with ethylene oxide or other 
oxide. The ethyl formate radical can then be removed by hydrolysis. 

2,5-Diketopipcrazines are the product of a spontaneous change when 
the ethyl esters of a-amino acids are allowed to stand in alcohol solution 
or in a desiccator. The compounds are anhydrides and are frequently 
called by such names as glycine anhydride, sarcosine anhydride, proline 
anhydride (shown, respectively, below) depending on the amino acid 
from which they are derived. 


H 

N 

/i\ 

H2C6 2 C ^=-=0 

\4/ 

N 

H 


CH3 

N 

/ \ 

H2C C -=0 

(''H2 

\ / 

N 

CH3 


HiC 


O 

Hj II H2 

c c c 

/ \ / \H/ \ 
N C 




N 


CH2 


/H\ / \ / 

c c c 

H2 ^ H2 


They can be regarded also as double inner acid amides. The melting 
points are accordingly high, 275® d. for glycine anhydride. The N,N'- 
dimethyl derivative, as expected for compounds in which hydr6gen 
bonding is eliminated, melts lower—at 149 to 160®—and boils with only 

slight decomposition at about 350®. _ 

Examination of the crystal structure®^ by X-rays shows that the 
diketopiperazine molecule is nearly a plane hexagon. The C—0 and C— 
bond distances are 1.25 and 1.33 A., respectively, which values agree with 
those in other resonating systems such as in urea or thiourea. The 
CHa—N and CHa—C distances are less than the usual single-bond values 
of 1.47 and 1.54 A., though the CHa—N value (1.41 A.) is nearly the 
same as in hexamethylene tetramine. In general, infrared absorption 
studies®* agree with these results. No —OH linkages appear to be 
present. 

Forsee and Pollard, Am. Chem. Soc.^ 67, 2363 (1935). 

FouRNEAtJ and Babrelet, Bull $oc. chtm. [4], 46, 1172 (1929). 

97 Corey, J. Am, Chem, 80c., 60, 1598 (1938). 

9* Kellner, Prdc, Roy, Soc, {LoTidon) A, 177, 447 (1941). 
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Resonance occurs between the C—N and C—O bonds. The probable 
forms are shown below. 


* 0 * 

HN^ CH, 
HiO 

V" 

i. 


:(): 

i 

:<*! 


c:h. 


H; 


o- 

h 

HN"^ 

HiC JjH 

V* 




:(): 

t 

C 




NH 

V* 


■ 1 . 


Titration curves®® for diketopiperazine show that there is no acid 
binding and only a slight alkali binding. Extended alkali or acid treat¬ 
ment will, of course, ultimately give amino acids. If the dry sodium 
salt of the anhydride, prepared by evaporation of methanol from the 
sodium alkoxide solution, is treated with benzyl chloride, the N,N-di- 
benzyl derivative is obtained.^®® The position of the benzyl substituents 
on the nitrogen instead of the oxygen atoms is decided by the fact of their 
elimination by dilute mineral acid, a circumstance unlikely for an oxygen 
ether. The N-hydrogen atom can also be replaced by a sulfonyl group 
when treated with N-pyridonium sulfonic acid, an exceedingly mild 
reagent. ^®^ Practically all evidences of the presence of active hydrogen 
atoms are, therefore, limited to activity on the nitrogen atom. 

Since these compounds tend to be somewhat like amides, the methyl¬ 
ene group is not especially active, although condensation will occur when 
the diketopiperazine is heated with a reactive aldehyde, acetic anhydride, 
and sodium acetate. ^®2 Similarly, the keto group lacks the reactions 
of a ketone, since no phenylhydrazine is formed. Nevertheless the 
Grignard reagent,^®* ethylmagnesium bromide, reacts with sarcosine 
anhydride in anisole solution to form 2,5-tetraethyl-N,N'-dimethylpiper- 
azine. By a similar reaction with phenylmagnesium bromide, however. 


CH, 

N 


H2C 


/ \ 


C==0 EtMgBr 
* 


CH, 


CH, 

N 


H*r/ 

(C2H,)si in* 

CH, 


••Stiasny and Scotti, Ber,, 63, 2977 (1930); Konikov and Nazakov, Arch, sci, 
biol U.S.S,R.y 89, 505 (1935); C.A., 80, 6023 (1936). 

1®® GbInacher, Wolf, and Weidingbr, Hehf, Chim. Acta, 11, 1228 (1928). 

Baxtmgarten, Mabggraff, and Dammann, Z, physiol, Chem., 800, 145 (1932). 
w* Ueda, J, Chem, Soc, Japan, 60, 502 (1929); Ber,, 61, 146 (1928). 
Kapfhammeb and Matthes, Z, physiol, Chem., 288, 43 (1933). 
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the ring is cleaved and methylaminoacetophenone, CH3NHCIl2C(0)- 
CeHs, and sarcosylmethylacetophenone, CH8NHCH2C(0)N(CH8)CH2C- 
(0)C6H6, are formed. 

These diketopiperazines are important because they are present 
among the products of protein hydrolysisand are, therefore, one of the 
components of proteins. Silk fibroin, lor instance, yields glycylalanine 
anhydride, glycyltyrosine anhydride, and alanylsorine anhydride when 
treated with concentrated hydrochloric acid or 70 per cent sulfuric 
anhydride. 

Sarcosinc anhydride can be synthesized from methyl amine sulfate, 
40 per cent formalin, and potassium cyanide, followed by treatment of the 
sarcosinc nitrile with absolute alcohol and hydrogen chloride. Pyrocoll 

O 

H H 

HC' I I (^H • 

\c/ 

H II H 
() 


is the tricyclic anhydride prepared by treatment of pyrrole-«-carboxyli(‘ 
acid with acetic anhydride. 

Quinoxalirics are obtained by condensation of o-phenylenediamines 
with 1,2-dicarbonyl compounds. The reaction is used Irequcntly as a 
test for the presence of adjacent carbonyl groups. 

In contrast to the case of pyrazine and its isomers, the melting point 
of quinoxaline is lower than that of any of its isomers. This circumstance 
can be compared with quinoline (m.p. —22.6) and isociuinoline (m.p 25®) 
in which it is clear that the melting point is lower when a nitrogen atom is 
adjacent to the ring than when one carbon atom removed. Since 
quinoxaline has two nitrogen atoms adjacent to the ring, it has the lowest 
melting point; since phthalazine has both nitrogen atoms one carbon 
atom removed from the ring, it has the highest melting point. These 
two benzodiazines melt 65 and 53°, respectively, higher than the corre¬ 
sponding monazine ora little less than the 74° increment noted on page 391 



10* Abdebhalden and Stix, Z, physiol. Chem.j 132, 238 
ibid., 266, 23 (1940). 

io‘ Staxjdt, Z. physiol Chem,, 146, 286 (1926). 


Phthalazine 



(1924); Abdebhalden, 
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for the benz group. Cinnoline and quinazoline, each with one nitrogen 
atom adjacent to and one remote from the benzene ring, have melting 
points between the two extreme's; and the value of the latter is 
somewhat higher than that of the former in accordance with the previous 
observation that pyrimidine melts higher than pyridazine. 

Quinoxaline cyanines that have an e)xygenated ring are prepared by 
conventional reactions with the methiodide salt of the product of con¬ 
densation of e-phenylenediamine and pyruvic acidJ°® Two examples 
are shown below. 



» roxidonsadon with rHsC(0)(X) H. » (rHa)2S04 OHt 



« Formainidino. 


A number of important phenazines are related to the dyes. Simple 
neutral red and neutral red—the latter called toluylenroth by Witt,^^^ 
the discoverer of this series of dyes—are good histological and vital 
stains, acid-base indi(‘ators such as in neutral red paper, and oxidation- 
reduction indicators. The formula of these .compounds, showm 
respectively below^, is similar to that of methylene blue and other com- 




(iinple neutral red 


KH> (CH.) >N» 


Neutral red 


pounds already descril)ed. These compounds are prepared by oxidation 
of a mixture of 2,4-diaminotoluene wdth p-phenylenediamine or p-amino- 
dimethylaniline by potassium dichromate. The first product is an 
indamine, known as toluene blue that occurs in the preparation of 
neutral red. Boiling water converts the indamine to neutral red and a 
dihydro product, and the latter in turn is oxidized by more of the reagent 
to neutral red. One of the resonance forms of the dye is shown below\ 


io« Cook and Pehry, J. Chem, Soc,, 394 (1943); Cook and Naylor, 710 
(1942). 

107 Witt, Ber,, 12, 931 (1879). 

Clarke and Perkins, /. Am. Chem. Soc., 64, 1228 (1932). 
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« KaCraO?. ^ Boiling water. 


Dyes of this class are known as eurhodines. 


(CH3)2N 



( 1 - 


The phenazine structure of these dyes is shown by elimination of the 
amino groups from simple neutral red and comparison of the 2-methyl- 
phenazine so produced with that prepared from pyrocatechol and 
o-toluylenediamine. 

Mauve, sometimes called mauveine or Perkin’s violet, is a safranine 
type dye, made famous as the first synthetic dyestuff.^^° It was in 1856 
that the eighteen-year-old Perkin attempted the synthesis of quinine by 
bichromate oxidation of the salt of an alkyltoluidine. By present-day 
standards, such an idea seems preposterous, but according to the theory 
of that period, a natural product could be synthesized if the elements 
composing it were brought together in the right proportions. As far 
back as 1849, the synthesis of quinine by hydration of naphthylamine 
had been predicted; and to Perkin, the formation of quinine from an 
alkyltoluidine according to the equation below was eminently sound. 

2 C 10 H 13 N + 30 C 20 H 24 N 2 O 2 + H 2 O 

The dirty red-brown precipitate first obtained led him to repeat the 
experiment with the salt of a simple base, aniline, which happened to 
contain some toluidines. The dye thus accidentally formed in small 
yield induced Perkin to undertake its commercial production. By 1859, 
the value of the dye was apparent, particularly to the French printers 
who gave it the name of ‘'mauve.” Meanwhile, Perkin improved the 
methods for the production of the necessary nitrobenzene and aniline; 
but this greater availability of aniline stimulated interest in its properties 
and soon led to the discovery of the more brilliant, though less stable, 
magenta and its derivatives which competed successfully with Perkin’s 
violet. Actually, the production of mauve flourished only about 10 years. 
Perkin, meanwhile, maintained his interest in chemical research and 

Bebnthsbn and Schweitzbb, Ann., 286, 332 (1886). 

Meldola, J. Chem, Soc,, 98, 2214 (1908). 
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in 1867 discovered the coumarin synthesis and shortly thereafter the 
cinnamic acid synthesis. He severed his connection in 1874 mth the 
company that he founded and devoted the remainder of his life to research 
work. While his discovery was a primary factor in the founding of the 
great coal-tar d3'^e and related industries, his country, where the dye 
industry began, did not acquire leadership in the field. Hofmann, the 
professor under whom Perkin studied, left London in 1865. Not until 
1874 was there another professorship in organic chemistry in England, a 
circumstance that obviously led to a lack of trained men at a time when 
such men could ill be spared. Subsequently, the coal-tar industry was 
to become a problem of great concern for national welfare and defense. 

The formula for mauve is shown below. 



CU’i 


The parent safraninc dye is made by oxidation of a mixture of p-phenylene- 
diamine and aniline. 




Nitrous acid, followed by boiling ethanol eliminates one amino group and 
forms aposafranine. The second amino group is similarly eliminated 
after diazonium formation in concentrated sulfuric acid. 

Rosinduline dyes are made by the fusion of an aminoazo compound 
TOth a primary aromatic base.^^^ 



« The hydrochloride, heated with two parte of aniline at 160 to 170®. 

‘“Gabvan, Ind. Eng. Chem., IS, 867 (1921); U.S. Tariff Commisrion Report, 
1986; editorials in Ind. Eng. Chem., », 1084 (1917); 10, 792 (1918); 18, 502 (1921). 
»*Fiscai!B and Hepf, Ann., 866, 233 (1890); 868, 237 (1891). 
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The structure of rosinduline (m.p. of free base is 199®) is shown by 
hydrolysis at (^6 to rosindone (m.p. 259®) with concentrated hydrochloric 
acid at 160 to 180®, followed by conversion to the known a-naphtha- 
phenazine (m.p. 142®) by zinc-dust distillation. Phenyl rosinduline is 
prepared from the same components by fusion at 140 to 150®; and the 
structure is the same as that of rosinduline except for the Cells instead 
of the ==NH at (^5. 

Thalloperazine is a phenazine formed by an o-semidine rearrange¬ 
ment.^^® 6-Methoxytetrahydroquinolin(' is converted to a hydrazine 
derivative by mild permanganate oxidation, and the phenazine is then 
formed by the action of hydrochloric acid on the bistetrahydroquinolyl 
compound. Scarlet-red nec^dles of the mericiuinoid azonium chloride, 





«HCL 


formed by autoxidation, deposit from the solution. 

Pyocyanine is the blue coloring matter of Bacillus pyocyaiicus, 
frequently found in purulent wounds. Alkali, in the presence of air, 
hydrolyzes it to 1-hydroxyphenazine; catalytic reduction gives 5-methyl- 
1 -hydroxydihydrophenazine, which is reoxidized by air to pyocyanine. 
These facts and the synthesis”^ from a-hydroxyphenazine methosulfate 
and alkali are in accordance with the ortho quinoid structure below. 
The molecular weight in glacial acetic acid is twice the value expected, 


O 



but this result is probably caused by association, since the oxidation- 
reduction potentials'^® indicate that the formula is monomolecular. 

118 WiELAND and Haas, Ber., 53, 1336 (1920). 

114 Wbede and Stback, Z, physiol Chem,, 181, 58 (1929); Ber., 62, 2051 (1929). 

♦ ii« Michaelis, Chem. Rev.j 16, 273 (1935); Michaelis and Schubert, 22, 
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Below pH 6, reversible reduction of pyocyanine occurs in two stages. 
Each ion is capable of adding a proton. The reaction is typical of all 
(piinones. The product of the first reduction stage is called a *'semi- 
quinone/^ that of the complete reduction is called a ^^mcriquinone.^^ 
The separate stages are detected by a graph of the potential against ihe 
per cent reduction as well as by a color change. The semiquinone is a 
free radical, stabilized by resonance. 

Indanthrone, known as indanthrone blue R, is a vat dye obtained by 
fusion of 2-aminoanthra(iuinone with potassium hydroxide at 200 to 
250®, followed by aerial oxidation of the potassium salt of the hydro- 
compound.^^® The compound crystallizes as a blue copperlike product 
from boiling (piinoline, and is extremely stable. It can be heated in air 


() 



at 470®, with concentrated hydrochloric acid at 400®, and with potassium 
hydroxide at 300® without being decomposed. Phosphonis and hydriodic 
acid at 210 to 220® or zinc-dust distillation convert it to anthrazine. 

Flavins .—A large number of water-soluble nitrogenous fluorescent 
dyes exist in nature. They are present in bacteria, yeast, wines, the 
glowworm, eyes of certain fish, whey, and numerous other places. They 
are named according to their source, behavior, or the material with which 
they are combined. Hence the expressions lactoflavin, oroflavin, photo¬ 
flavin, lumiflavin, riboflavin, flavoprotein, etc. 

Lactoflaviriy C17H20N4O6, the yellow coloring matter isolated^ from 
the whc'y of fresh milk (1 g. from 5,4001.), is illuminated in alkali solution 
in order to detach the side chain and form lumilactoflavin, C13H12N4O2, 
which loses urea when boiled with alkali. Subsequent pyrolytic elimina¬ 
tion of a carboxyl group gives CiiHi2N20. These results can be satisfac¬ 
torily explained on the basis that lumiflavin is an N-methylisoalloxazine. 


437 (1938); Michaelis, Schubert, Reber, Kuck, and Granich, J. Am. Chem. Soc., 
60, 1678 (1938); see also Elema, Rec. trav. chim.y 60, 907 (1931). 

Scholl, Bcr., 36, 3410 (1903); Scholl and Berblinger, ibid., 86, 3427 (1903). 
Kuhn, et. al, ihid.y 66, 1950 (1937). 
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In nature, the compound is combined with rf-ribose, and is therefore 
sometimes called a riboflavin. A phosphoric acid radical is attached 
to the sugar. 



Chemically, the compound is a phosphoric acid ester of 7,8-dimethyl-lO- 
d,l'-ribitylisoalloxazine; in common language it is vitamin B2, the 
growth-promoting factor, without which animals fail to grow, lose their 
hair, have dermatitis, and exhibit premature aging.®* 

Compounds of the flavin type can be synthesized^^® by condensation 
of o-phenylenediamine derivatives with alloxan, as illustrated below. 



R “ alkyl group. R' sugar group. 

® d'Ribose, Ha + Ni. ^ CaHaNaCl, NaaS.'04, alloxan. 


The occurrence of such nitrogen-containing compounds attached to 
sugars has occasioned some speculation on the process by which the 
nitrogen in nitrates is converted by the plant to organic compounds. 
Although the manner of this change is obscure, nitrogen frequently 
appears to be attached to the C2 of a sugar, while the Ci is converted to a 
carboxyl group. The various amino acids such as tryptophan and 
histidine are examples of such a possible change; and the occurrence of 
sugar in lactoflavin, inosic acid, and adenosin can be regarded as furnish¬ 
ing vestigial evidence of this point. 

Kuhn, Rudy, and Weygand, ibid., 69, 1543 (1936). 

Karrbb and Guibett, Helv. Chim. Acta, 19, 1034 (1936). 

Hall, Chem, Rev., 20, 305 (1937). 
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HN—CO 
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i h-y 

\ 

C 

/ 




J 

CH(CH0H)2C 


:)H(CH0H)2CHCH20P03H2 N=CNH2 CH(CH0H)2CHCH20H 


CH 


N—C—N 

Inoaic acid 


\ 


(^H 


N—C-N 

Adenosin 




In both of these examples, as in lactoflavin, the sugar is attached to an 
—N—C=N— system. 

Flavazoles are condensed quinoxaline-pyrazole systems. Some com¬ 
pounds in this series can be prepared by the action of glucose with 
o-phenylenediamine, followed by treatment of the quinoxaline product 

with phenylhydraziiie.^21 


NH, 

(CHsOH)s 

I 

C'HtOH 

® Glucose. CbHoNHNHj. 



(iHOH)s 

d'HsOH 


TRIAZINES AND RELATED COMPOUNDS 

A considerable number of symmetrical molecules with three like 
hetero atoms in the ring are derived by polymerization of comparatively 
simple compounds such as Schiff bases, cyanic acid, nitriles, and formalde¬ 
hyde. In many of these cases, the ring is readily broken by heat and the 
monomer recovered. The resonance that stabilizes pyridine and other 
rings is of a very low order or absent in these cases. The evidence that 
such compounds exist in a ring form sometimes rests only on the fact that 
the compound is trimeric or that the unit survives some simple chemical 
change. 

Schiff bases of simple type R(yH=NR' are polymerized if the molec¬ 
ular weight is low, particularly if they are derived from formaldehyde. 
Methyleneaniline, for example, is trimeric in benzene, nitrobenzene, 
ethylene bromide, and 1,4-dioxane, but is more nearly dimeric in molten 
camphor. When reduced by zinc dust and concentrated hydrochloric 
acid, the products are N-methyl substituted anilines, whose presence 

€eH5 

H2C CH3 Zn-f Aniline, 

-► methylaniliiie, and 

C6H5N NCeHfi HCl dimethylaniline 

H, 

Ohlb and Mblkonian, Ber,, 74, 279 (1941). 
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accords with the view that a methylene group is attached to nitrogcm 
in the original compound.Methylene-p-toluidine shows, in general, 
the same behavior. Acetaldehyde and aniline, however, in the cold form 
the ethylidene dianiline, (C6H6NH)2CHCH3, which changes to a dimer 
when warmed. 

Cyaphentne is made from benzonitrile by the polymerizing action of 
chlorosulfonic acid (40 per cent yield),concentrated sulfuric acid,’^"^ or 
sodium. The action of sodium on benzonitrile in hot benzene leads 

also to 2,2,4,6-tetraphenyl-l,2-dihydro-l,3,5-triazine^26 sodium 

cyanide. Dihydrotriazines are obtained also from benzonitrile and 
ethyllithium and other like organolithium reagents and from isopropyl- 
or phenyl-magnesium bromide, one of the phenyl groups being replaced 


TT H 



Cyapheninp 2,2,4,6-Tctraphotn 1- 

l,2-dihydio-l,.3,.'>-tiia/iue 


by R in the above formula, where R = methyl, ('thyl, butyl, isopropyl, 
or phenyl. The dihydro compounds, as expected, are strong bas(‘s. 
They yield mono-p-toluenesulfonylchloride derivatives, whi(‘h are 
insoluble in caustic alkali and form N-nitroso derivatives in accordance' 
with the properties of secondary amines. They are (‘omparatively stable' 
to permanganate, chromic acid, and acpieous caustic i)otash. Thirty 
per cent sulfuric acid slowly attacks them and forms ketone's. At 
250 to 300°, the methyl-, ethyl-, n-propyl-, and n-butyl- (but not iso¬ 
propyl) dihydro compounds lose ammonia and form triphenylpyrimidines. 

H c.n, 

N 

Attempted reduction of cyaphenine in acid solution gives lophine by 
loss of one ammonia. Nitration of cyaphenine gives an impure product, 
but nitrocyaphenines can be prepared^^s heating ammonium chloride 
and aluminum chloride with mixtures of benzonitriles and benzoyl chlo¬ 
ride, one component of which is nitrated. For example, benzonitrile and 
m- or p-nitrobenzoyl chloride so treated gi\ r ?;t- or p-nitrocyaphenine. 

1*2 Wagner, J, Am. Chem. Soc., 54, 660 (1932); Miller and Wagner, Md., 54, 
3698 (1932). 

12* Cook and Jones, J. Chem. Soc., 278 (1941). 

12* Pinner and Klein, Ber., 11, 764 (1878). 

125 Hofmann, ibid., 1, 198 (1868). 

125 Anker and Cook, J. Chem. Soc., 828 (1041). 
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C'yanogen chloride, a liquid prepared from hydrocyanic acid and 
chlorine, polymerizes readily in the presence of a little free halogen to 
cyanuric chloride (m.p. 145°, b.p. 190°). The ring structure is evident 
from the fact that it is prcvserved through a number of transformations. 


C\ 



NflaorRNHj 

_ — -—^ luolainine or inphiininc 

NaN« 

-^ r>anunc tna/ide 


Furthermore, the halogen atoms in cyanogen chloride can be replaced 
one at a time by successive treatments with ammonia, methylamine, and 
ethylamine, and the same substituted melamine obtained irrespective 
of the order of replacement.^-^ 

Melaminej or 2,4,6-triainino-s-triazine, was first prepaied by Liebig 
in 1834 from ammonium chloride and potassium thiocyanate but is now 
commonly obtained from cyanamide or dicyanamide, which in turn are 
obtained from calcium (‘yanamide. It is a w^eak base, (*rystallizes readily 

HX hout 

CiiCNz —IIi\(X=NH)NH —C' sX -► melanune 

from w'ater, and sublimes if heated carefully. The compound is of con¬ 
siderable commercial interest because it forms synthetic resins with 
formaldehyde. Resinification probably occurs through the formation of 
H0C'H2XCH20H systems as intermediates. The melamine resins.are, 
similar and sometimes superior to the urea resins. 

Cyanuric triazide is obtained from cyanuric chloride and sodium azide. 
It melts at 94° and explodes above 170°. The compound has some inter¬ 
est as a detonating agent, such as silver or lead azide.^^^ Catalytic 
reduction over palladium converts it to melamine. 

Cyanic acid polymerizes readily to cyanuric acidy a compound slightly 
soluble in water and less soluble in ether. In contrast to barbituric acid, 
the compound has only a w'eak acidity. The molecule is easily broken 
apart by heat to cyanic acid. 



Hexamethylene tetramine results when ammonia is added to formalde¬ 
hyde, and the mixture is evaporated. The compound^®^ is one of the 

Diels, Ber., 32 , 692 (1899). 

1** Hodgins, Hovet, Hewett, Barrett, and Mieske, Ind. Eng. Chem.^ 33 , 769 
(1941). 

129 Ott and Ohse, Ber .^ 64 , 179 (1921). 

130 Wienhaus and Ziehl, ibid .^ 66, 1461 (1932). 

13^ Dickenson and Raymond, J. Am. Chem. Soc.j 46 , 22 (1923). 
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few known organic products without salt character which has cubic 
symmetry. X-ray data show that the structure is that of a condensed 
s-triazine system. Four ring systems can be counted. Strong acids 



decompose the compound readily. Phenols, heated with hexamethylene 
tetramine in the presence of glyceroboric acid at 160®, and then steam 
distilled in the presence of sulfuric acid give an o-hydroxyaldehyde. 
The method is faster and sometimes better in yield than the Reimer- 
Tieman process.The possible steps are shown in the equation below 
in which R is C' 6 H 4 . 

3HORH + O 6 H 12 N 4 NHs + 3H011CH2N-=C’H2 
H0RCH2N=(^H2 H011CH=NCH3 
H0RCH=NCH3 + H 2 O -> RCHO + CH 3 NH 2 

The method is in part similar to that of Sommelet^s^*® in which benzyl 
chloride is converted to benzaldehyde when heated with hexamethylene 
tetramine in aqueous alkali. Sommelet assumed that the intermediate 
step, CeHBCH 2 N===CH 2 CelTsCH^NCHa, occurred. 

Thiophenol gives a triamine^®^ when refluxed with the tetramine in 
dioxane solution. 

CCeHfiSH (CH2)eN4 ~^2N(CH2SC6H6)» -f 2NH8 

Nitration of the tetramine with 96 per cent nitric acid at 0® gives 1,3,5- 
trinitrohexahydro-s-triazine, called hexogen,^*® which is a powerful 
explosive. Nitrous acid gives dinitrosopentamethylenetetramine. 

Hexamethylene tetramine has been used some as a urinary antiseptic 
under the name of ^^urotropine.^' Its action depends on the slow libera¬ 
tion of formaldehyde in the slightly acid medium. 

Cyameluric acid is a condensed triazine system^®® that bears the 
same relation to the simple triazine system as do the condensed benzene 
rings to benzene. It is prepared by alkali treatment of a hydromelonate, 

Duff, J. Chem, Soc., 547 (1941). 

SoMMBLET, Compt rend., 157 , 862, 1443 (1913). 

Doughbbty and Taylor, J. Am. Chem. Soc., 55 , 4588 (1933). 

Desvebg^es, Ckimie <fc vndvMriey 88,1038 (1932); Stettbacher, NUroceUvlosef 
11 , 63 (1940); C.A., 35 , 4953 (1941). 

Pauling and Sturptvant, Proc. Nat. Acad. Set., 23 , 615 (1937). 
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H 



CdHsNis, itself produced by heating potassium ferricyanide with sulfur 
or fusing potassium thiocyanate with antimony trichloride. The 
triamino derivative can be obtained from melamine by a two-step loss of 
ammonia.This compound is called ‘‘melem.^^ 





NHa 


NHa 



a triamino 
tj icy die 
condensed 
compound 


C,H«N6 C,H,Nn -»CeHeN.o 

Melamine Melam Melem 


A considerable number of other symmetrical heterocyclic systems 
exist, which do not have nitrogen in the ring. They are formed, like 
the triazines, as the products of polymerization. Among these are the 
well-known trioxymethylene, paraformaldehyde, trithiane, the trithiane- 
trisulfoxides, known often as trimethylenetrisulfoxide, and the corre¬ 
sponding sulfone. Trithiane^®®® is the product of polymerization of 
thioformaldehyde, prepared from sodium thiosulfate, formaldehyde, and 
hydrochloric acid, as shown below. 

HOaSSSOaH + HaCO HOaSSSOaCHaOH 

SHOaSSSOaCHaOH -|- SHaO (CHaS)* + 6 H 2 SO 4 


The two oxygenated trithianes are derived by peroxide and permanganate 
oxidation, respectively. The former is soluble in aqueous alkali, the 
latter in aqueous carbonate solution. 


TETRAZINES 

Diazoacetic acid undergoes dimerization with strong alkali or ammonia 
to a dihydro product, which by oxidation gives the 3,6-dicarboxylic acid 
of 1,2,4,5-tetrazine, the alkali solution of which is deep red in color. 
Careful decarboxylation—^the process can occur explosively—gives 
tetrazine^ a purple-red compound that melts at 99®, has a purple-red 

iw McClellan, Ind. Eng. Chem., 82,1181 (1940); Hedemakn and Lucas, J. Am, 
Chem, Soc,, 62, 842 (1940). 

(a) Vanino and Schinnbb, Ber,, 47, 1776 (1914); (b) Cxtbtiub and Rimele, 
ibid., 41, 3116 (1908). 
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vapor, and decomposes in light.The diphenyl derivative,^®® pre¬ 
pared from benziminoether by reaction with hydrazine, is more stable. 
Its red crystals melt at 192°. 

When a saturated aqueous solution of urea is treated with chlorine, 
crystals of dichlorocarbamide, C1NHC(0)NHC1, separate in spite of the 
ease of hydrolysis of the chloride. Strong aqueous ammonia converts 
this compound to p-urazine,'^® a diketotetrazine, OC(NHNH) 2 CO. This 
compound is stable to concentrated sulfuric acid on a water bath but 
not at 120 to 130°. 


Problems 

1. What is the formula of the product produced in the following reactions? 

(a) Barbituric acid and isatin-a-anihde in the presence of acetic anhydride.(6) 
Isatin and o-phenylcnodiamino.*^^ (c) p-Tolunitrih^, added slowly to chlorsulfonic 
acid at 0" and the mixture allowed to stand overnight.(d) Acetamidine and 
nialonitrile in alcoholic sodium ethoxide to give r 7 H 8 N 4 .^^® (c) Two molecules of 

formamidine and one of malononitrile in alcoholic sodium ethoxide to give C 6 H 6 N 4 .^^^ 
(/) Acetamidine condensed with benzamidine.^^^ {g) Thiocarbanilide treated with 
methyl sulfate and the product allowed to react with an N-substituted a-amino acid.^^® 

2 . What is the product formed in each of the following sequence of reactions? 
(a) Benzeneazomalononitrile, CeHsN—N-~C'H(CN )2 (how prepared?), treated with 
formamidine in alcoholic sodium ethoxide, and the product reduced with hydrogen 
over Raney nickel at 100®/60 atm. to give C 4 H 7 N 6 . This last compound in turn is 
treated with sodium dithioformate in cold water and the product then refluxed in 
water while hydrogen sulfide is evolved. The final compound, C 6 H 6 N 6 , is obtained 
in «50 per cent over-all yield, calculated on the malonitrilc, and is a good preparative 
method. ( 6 ) 2-Methyl-5-cyano-6-aminopyrinidiue (how prepared?) treated with 
aqueous potassium hydroxide, and the product therefrom allowed to react with 
methyl alcohol in concentrated sulfuric acid. The C'7H9Ns02 product is then treated 
successively with (1) hydrazine, (2) benzenesulfonyl chloride, and (3) sodium car¬ 
bonate to give C 6 H 7 N 30 .^^’^ 

3. m-Tolyl- and p-tolyl phenyl ether are each heated with 1 mole of sulfur and 
0.5 mole of anhydrous aluminum chloride. What product is formed in each case, 
and which ether would probably give the higher yield of product?^^* 

4 . The o-nitrobenzylamide of y-phenyoxybutyric acid, N02C6H4('H2NHC(0)- 
(CH 2 ) 30 C 6 H 6 (how prepared?), is in turn (1) subjected to catalytic hydrogenation 
over platinum oxide, (2) heated at 270°, (3) treated with hydrogen bromide, and (4) 
treated with alkali to give CHH 14 N 2 .*® What is the final compound? 

Bambebger, ibid.j 83, 3197 (1900); Darapsky, J. prakU Chem. [2], 97, 184 
(1918). 

^^0 Chattaway, j, Chem, Soc., 06, 235 (1909). 

Felix and FriedlAnder, Sitz. Ber.y 118 [IIB], 750 (1909). 

Marchlewski, Ber.f 28, 2528 (1895). 

Bapdilby, Lythgoe, Todd, and Tophan, J. Chem, Soc,^ 388 (1943). 

Baddilet, Lythgoe, and Todd, ibid,j 386 (1943). 

Dox and Yoder, J, Am, Chem, Soc,, 44 , 361 (1922). 

Deck and Dains, ihid,^ 65 , 4986 (1933). 

Price, May, and Picked, ibid., 62, 2818 (1940). 
i«SuTBB and Green, ibid,, 69, 2578 (1937). 
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H 


C(0)NHCH2CH(0CH,)s 


6 . When the indole derivative shown 
at the side is treated with alcoholic hydro¬ 
chloric acid, ring closure occurs. The prod¬ 
uct may bo either a diazine or a carboline, 
depending on the position of ring closure. 

What tests might be applied to differenti¬ 
ate between the possibilities?^^* 

6 . When 3-aininopyridine-4-carboxylic acid (how prepared?) is treated with 
urea at ITO'" for 3 hr., a C'THsNaOa product is obtained which does not melt but sub¬ 
limes at 430®, is easily soluble in warm dilute hydrochloric acid and in alkali. What 
compound is formed? What would be the product had formamidc been used in 
place of urea?^** 

7. When the amide* of 2-methyl-5-cyanopyridine-4-carboxylic acid (show a 
method for the preparation of this starting material by a series of steps from cyano- 
acetamide as one componentis treated with sodium hypochloride in alkaline 
solution, two compounds, CsHyNsOi and CeHgNa, are formed in the pioportion of 
9 parts to 1. What are the reactions that probably occur?i^* 

8. Isatoic anhydride, C 6 H 4 (XO)—O—(’—() (how prepared?), serves as an active 


-N- 


agent for the introduction of an anthranoyl group. W hat is the product of the reac¬ 
tion of this anhydride with a diarylamidine ArN==<"H'-” KHR (how prepared?)?*** 

9. When 2,3,r),6-tetrachloronitrobenzene is heated with alcoholic ammonia at 
200®, 2,3,5,0-tetrachloroaniline is formed as one product together with another wdiich 
by reduction with aqueous-alcoholic sodium hydrosulfite and subsequent treatment 
with 9,10-phenanthraquinOne gives a CaoH 9 N 2 Cl 8 compound. What is the nature 
of this second product?**^ 

10. 6-Nitro-3-acetaminobenzoic acid (how prepared?) yields an anthranil when 
treated with acetic anhydride; and the anthranil, when shaken with an excess of 
dilute ammonia, gives a CgHzNjOa product (m.p. 277 to 278®) which dissolves in 
dilute alkali and forms a crystallin nitrate in nitric acid. Wliat is the reaction 
that occurs?*** 

11. Suggest a method for the synthesis of (a) 3,7-dimethyluric acid,**® (6) theo¬ 
bromine,**^ (r) theophylline.**^ 

12. Devise a method for the preparation of each of the following compounds: 


A**® 



*^®KERMArK, Perkin, and Robinson, J. Chem. Soc., 119, 1627 (1921). 
**® Gabriel and Colman, Rcr., 36, 2831 (1902). 

***BARDnAM, J. Chem, Soc., 2223 (1929). 

*** Reider and Elderfield, J, Org. Chem., 7, 286 (1942). 

153 Meyer and Wagner, ibid., 8, 239 (1943), 

164 Peters, Rowe, and Stead, J, Chem. Boc,, 576 (1943). 

***Bogeet and Chambers, J. Am. Chem. Soc., 27, 649 (19^5). 

**® Fischer, Ber., 80, 559, 1839 (1897). 
i*7Traubb, tlnd., 88, 3047, 3052 (1900). 
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C“» 



* The intormediate for the |)ref)aiation of the pynmidine analogue of thiamin bromide. 

Baddtley, Lythgof, and Todi>, J. Chew. Soc , 571 (1943). 
i»»ScHMDT, J. j)rakt Chern , 167, 203 (1941). 

and IOlderfield, J Orq Chim , 7, 309 (1942) 

Seka, Sedlatschek, and PREisbECKER, Monatsh,^ 67, 86 (1931). 



INDEX 


A 
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Acetoacotates, preparation of 1,4-di- 
ketones from, 3 

Acetomorphine, 318 

Acetylene, reaction of, with diazo- 
inethane, 369 
with hydrazoic acid, 369 
with sulfur, 40 

Acetylene dicarboxylate, addition of, to 
diazomethane, 369 
to furan, 7 
to pyridine, 196, 236 
to pyrroles, 66 
to quinoline, 2982b 

Acid chlorides, catalytic reduction of, 458 
reaction of, with diazomethano, 369 

Acidity, of allantoin, 461 
of alloxan, 488 
of azoles, 405 
of azolones, 488, 489 
of barbituric acid, 487 
of hydroxyuracil, 488 
of imidazoles, 405 
of malonic esters, 488 
of l-phenyl-5-mercaptotetrazole, 380 
of phloroglucinol, 488 
of pyrroles, 60 
of rhodanine, 430 
of tetrazoles, 405 
of triazoles, 405 

Acids, a-amino, alkaloids from, 312 
oxazoles from, 380 
preparation of, from azlactones, 128, 
421 

from hydantoins, 459 
from piperidines, 241 
from rhodanine, 431 
synthesis of, 453 

a, 7 '-amino, from decomposition of 
hydantoinpropionate, 462 


Acids, j(3-amino, 454 

unsaturated, esters of, 235 
a-hydroxy, conversion of, to aldehyde, 
153 

to ketones, 451 

a-keto, preparation of, from azlactones, 
175 

from rhodanines, 431 
pyrroles from, 59 

7 -keto, preparation of, from furfuryl 
alcohols, 8 

a-mercapto, preparation of, from rho¬ 
danines, 431 

tertiary carboxylic, preparation of, 
from furan, 12 

a-thiohydroxy, preparation of, from 
rhodanines, 431 
Acridine, 332 
9-<‘hloro, 333 
9-dibromo, 333 
9-dimethyl, 340 

Acridine compounds, naming and num¬ 
bering of, 326 
preparation of, 329, 334 
therapeutic activity of, 339 
Acridine orange, 336-338 
Acridine yellow, 336, 338 
Acridine-9-carboxylic acid, 332, 335 
Acridines, 326 

amino, bacteriostatic index of, 339 
Acridinic acid, 285 
Acridinium salts, 331 
Acridone, 333 
Acridylanthraquinone, 337 
Acridylmethylol, 335 
Acriflavine, 338, 339 
preparation of, 336 

Acyclic compounds {see Open-chain com¬ 
pounds) 

Adamkiewicz test, 360 
Addition, of alkylUthium to pyridine, 195 
to quinoline, 2982/ 
of amine to anil, 337 
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Addition, of hydrazine to isothiocyanate, 
374 

to triple bond, 374, 375 
of hydrazoic acid to unsaturated sys¬ 
tems, 369, 467 

of hydrochloric acid to thiocyanate, 
366,378 

of phenylisothiocyanatc, 380 
of hydrogen cyanide to chalcone, 343 
of hydrogen sulfide to thiocyanate, 378 
of hydroxyl amine to benzoxazole, 404 
to 4-methylthiazole, 404 
of phenylnitromethane to double bond, 
377 

of sodium amide to phenanthridinc, 342 
to pyridine, 194 
to quinoline, 276 
to thiazole, 404 
of water to oyanamide, 383 
to double bond, 139 
to thiocyanate, 378 
to triple bond, 139 
i, 3-Addition, 144 
to aldonitrones, 198 
with diazo compounds, 369 
to furoxans, 417 
to nitrones, 144 
with ozone, 372 

1,4-Addition, in Diels-Alder reaction, 236 
to furan, 7 

of sodiomalonate to quinones, 163 
to vinylnitrile, 289 
Adenine, 494, 496 
Adenosin, 513 
Adrenaline, 453 
Aglucone, 163 

Agranulocytosis, caused by pryamidone, 
444 

Alanine, /5-(4-methylthiazolyl-6)-, 428 
Aldehydes, condensation, with N-allyl- 
rhodanine, 431 
with coumoranone, 26 
with hydantoin, 458 
with indoxyl, 123 
with oxindoles, 120 
with N-phenylrhodanines, 431 
with rhodanines, 430 
with thioindoxyl, 52 
preparation of, from acid chlorides by 
hydrogenation, 212, 458 
from acyl-1,2,-dihydroquinakloni- 
triles, 293 


Aldehydes, preparation of, from a-amiz^o 
acids, 132, 312, 313 
from anils by hydrolysis, 213, 331 
from benzyl chlorides, 516 
from dichlorides by hydrolysis, 212, 
277 

from esters, 428 
from glyoxylic acids, 29, 114 
from hexainethylcne tetramine and 
phenols, 516 

from hydrogen cyanide, hydro¬ 
chloric acid with aromatic com¬ 
pounds, 16, 22, 29, 30, 63 
from a-hydroxy acids, 153, 162, 451 
from ^-keto acids, 29 
from levulinic acid, 451 
from piperidines by oxidation, 241 
from selenium dioxide and picolincb, 
212 

and methylquinolines, 284 
reaction of, with azides, 371 
with diazomethane, 369 
synthesis, of azlactones with, 20, 114, 
421 

of hydantoins with, 460 
Aldonitrones, addition to, 198 
Aliphatic compounds from heterocyclic 
compounds {see Open-chain com¬ 
pounds) 

Alizarin blue, 262 
Alkaloids, areca nut, 251 
belladonna, 247 
berberine, 314, 318 
bisisoquinoline, 314 
cactus, 314 
cocaine, 249 
curare, 319 
cusparinc, 293 
emetine, 356 
ergot, 452 
galopine, 293 
harmine, 348 
hemlock, 244 
isoquinoline, 312 
lobelia, 252 
lupine, 253, 358 
morphine, 314 
norsalsoline, 313 
opium, 315 
papd^verine, 314 
pelletierine, 251 
phenanthridine, 314 
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Alicaloids, pomegranate bark, 251 
purine, 493 
quina, 286 
tobacco, 217 
yohimbine, 349 
Alkoxycinchonimic acid, 286 
Alkylation, by Ladeiilnirg reaction, 199, 
200 

with lithium alkyls, 195 
with sodium alkoxides, 63, 415 
Allantoic acid, 461 
Allantoin, 460 
Allantoinase, 460 
Allergy, histamine and, 453 
Alloimperatorin, 163 
Allomerization, 95 
Allonal, 491 
Alloxan, 490 
acidity of, 488 

condensation of, with benzene, 491 
with rhodanin(', 430 
Alloxazine, 497 

Alloxazine-adenine-dinucleotide, 497 
o-Allylphenol, rearrangemenl of, 21, 378 
Alstonine, 349 

Aluminum oxide, as catalyst in prepara¬ 
tion, of olefins, 9 
of thiophene compounds, 40, 45 
Amarine, 450 
Amidine, cyclic, 405 
formation of, 366, 462 
Amination, 194 
of pyridine, 194 
of quinoline, 276 
of thiazole, 404 

Amines, diagnostic method for primary, 
secondary, and tertiary, 232 
i9-ethanol-, 478 
hydroxy-, preparation of, 269 
test for, 282 
jS-hydroxyethyl-, 452 
' |9-phenylalkyl, 302 
physiological activity of, 453 
preparation of, by ammonolysis of 
halogen compounds, 209, 239 
by reduction, of nitriles, 233,* 284, 
237 

of oximes, 238 

by reaction, with acetoacetates, 265 
with dibromopentane, 232 
reaction of, with cyanamide, 383 
wit^ cyanogen bromide, 383 
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Amines, secondary, elimination of alkyl 
groups from, 106 
preparation of, 503 

jS-substituted ethyl, 260, 419, 429. 453 
7 -substituted propyl, 250 
tertiary, betaines from, 196 
degradation of, 308 
oxidation to N-oxides, 316 
(*Scc also N-oxides) 
reaction with cyanogen bromide, 240 
use in Mannich reaction, 243 
Amino compounds {see under Acids, 
Acridines, Phenols, Pyridine, Quino¬ 
line) 

Amino group, diazotization of, 413 
effect of, on substitution reactions of 
pyridine, 194 

on substitution reaction of thiazole, 
413 

position and reactivity of, 413 
protection of, by carbobeiizoxy radical, 
454 

Aminoantipyrine, 446 
fi-Aminochrornidan, 184io 
Ammonium dithiocarbamatc, 429, 432 
Ammono-aldchyde system, in azoles, 404 
in indoles, 110 

and lability of carboxyl groups, 412 
in pyridine, 191, 194 
in quinoline, 276, 277 
and reactivity, of halogen atoms, 204 
of methyl groups, 277, 331, 411, 485 
of methylene group, 501 
Ammonolysis, of chloropyridincs, 209 
of chloropyrimidines, 485 
of chloroquinolines, 282 
Amytal, 491 
Anabasine, 219 

Analgesic action, of trigenin, 444 
Anesthetics, local, 13, 434, 440 
of morpholine compounds, 478 
Anhalamine, 314 
Anhalonidine, 314 
Anhydro-o-aminobenzaldchyde, 271 
Aniline, first preparation of, 135 
in Skraup synthesis, 262, 280, 355 
Anilinopyrine, 444 
Anserine, 454 
Anthelmintics, 251, 480 
Anthocyanins, 164 
Anthoxanthins, 166 
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Anthracene, and naphthotriazoles, 397 
similarity of heterocyclic compounds 
to, 397 

Anthranil, 363, 425 
chloro, 388 
3 -methyl, 388 
odor of, 388 
3-phenyl, 388 
Ajithraiiils, 392 
preparation of, 386, 425 
Anthrazine, 511 
Anthrazolines, 345 

Antifebril action, of antipyrine, 439, 443 
of melubrin, 444 

Antioxidant, 9,9-dimethylacridiiie as, 340 
Antipyrine, 439, 443 
Antipyrine red, 446 

Antiseptic activity, of acridine com¬ 
pounds, 338 
Apiginin, 170 
Apocyanines, 294 
Apomorphine, 317 
Aposafranine, 509 
Arecoline, 251, 455 
Argenine, 453 
Asterin, 166 
Atabrine, 340 
Atophan, 286 
Atropine, 247 
Azabicycloheptane, 237 
Azabicyclononane, 237 
Azabicyclooctane, 230 
Azanthraquinone, 355 
Azaporphyrins, 95 
Azepines, 231 
6 -Azepotetrazole, 372 
Azines, 476 
synthesis of, 476 
Azlactones, 421 
incipient, in penicillin, 428 
preparation of a-amino acids with, 428 
of a-keto acids with, 175 
of pyruvic acids with, 30 
synthesis with, 29 
synthesis of histidine with, 453 
of isoquinolines with, 306 
of tryptophan with, 114 
Azoles, addition reactions of, 404 
basicity of, 405 
boiling points of, 380 
boiling-point relations in, 389 
bond dxation in, 391 


Azoles, chemical properties of, 399 
methiodides, decomposition of, 407 
naming and numbering of, 362 
preparation of, from azides, 369 
from azo compounds, 369 
from condensed systems, 377 
from diazo compounds, 369 
from 1,4-dienol systems, 364 
from hydrazines, 378 
from a-substituted ketones, 366 
substitution reactions in, 399 
synthesis of, comparison of, with azines, 
476 

Azolidines, 363 
Azolines, 363 
Azolones, acidity of, 488 
condensation products of, 444 
preparation of, 378 
reactions of, 415 

B 

Bacterostatic index, of aminoacridines, 
339 

Banisterine, 348 
Barbitol, 491 
Barbiturates, 487 

comparison of, with thiazolones, 432 
physiological action of, 489, 494 
synthesis of, and comparison with 
azines, 477 

theory of action of, 460 
Barbituric acid, 487 
acidity of, 487 
dibromo, 490 
5,5,diphenyl, 491 
6 -nitro, 490 

Basicity, of acridines, 339 
of azoles, 405 
of carbazoles, 141 
effect of, on methylation, 402 
of hydroxypyridines, 221 '' 

of piperidine, 243 
of pyridine, 405 
of pyridoxime, 221 
of sulfa compounds, 428 
of thiazole, 405 
Bebeerine, 3^ 

Beckmann rearrangement, 422 
of dioxime of lobeline, 252 
preparation of amines by, 303 
ring enlargement by, 231,254,274,341, 
372,499 
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Benz group, effect of, on melting point, 
392, 506 

on reactivity of furan, 23 
Benzaldehydes, from benzyl chloride, 516 
o-hydroxy, 516 

Benzazolefl, naming and numbering of, 
363 

physical properties of, 386 
preparation of, from anilines, 381, 384 
from o-halogenobenzenes, 383 
from o-nitrobenzenes, 386 
solubility of, in water, 386 
synthesis of, 381 

Benzene-pyrimidine systems, 484 
Benzidine rearrangement, in preparation 
of carbazolc, 101 
Benzimidazole, 463 

Benzimidazoles, benzoid character of, 395 
preparation of, 382 
synthesis of azines and, 476 

1.2- Benzi8oazole, 363 
preparation of, 385 

Benzisothiadiazole, 363 

1 .2- Benzisoxazole, 3-phenyl-, 388 
2 ,1-Benzisoxazole (sec Anthranil) 

Benzo-1,2,3,4-bisthiazolc, 2,6-diphenyl-, 

438 

Benzo[c]cinnoline, 481 
Benzoflavine, 336, 338 
Benzofuran, 20 
benzoid character of, 395 
Benzofuran compounds, 26 
naming and numbering of, 20 
reactions of, 23 
ring opening of, 25 
Benzofuran-2-carboxylic acid, 23 
Benzoid properties, 394 
Benzonitrile, preparation of, 514 
Benzo-Y-py rones, 164 
Benzopyrylium salts, 167 
Benzo[/]quinoline, 328 
Benzo[/i]quinoline, 328 
Benzoselenazoh', odor of, 387 
Benzothiadiazole, 382 
Benzothiazole, 432 
^amino, 385, 433, 434 
benzoid character of, 395 
2-chloro, 432 
4 ,6-dimethyl, 388 
2-ethyl, 388 
2 -mercapto, 437 
methyl, 388 


Benzothiazole, 6-nitro, 388 
odor of, 387 
2-phenyl, 388, 433 
preparation of, 382, 385 
2-p-tolyl, 433 

Benzotriazole, naphthoid character of, 
395 

preparation of, 382, 384 
Benzoxathiazole, 363 
Benzoxazine, 477 

Benzoxazole, addition of hydroxylaminc 
to, 404 
2-chloro, 388 
5-chloro-2-mcthyl, 388 
2 ,5-dimethyl, 388 
2-methyl, 388 
odor of, 388 
preparation of, 382, 477 
trimcthyl, 388 

Benzoxazole-4-arseiiic acid, 1-amino-, 420 

Bcnzoydeneuroa, 499 

Berberine, 319 

Bcrbcronic acid, 350 

Bergapten, 163 

Betaines, 196 

Bicyclic systems, naming and numbering 
of, 229 

synthesis of, 235 
Bicyclothianium compounds, 237 
Bilirubin, 79 
pyrroles from, 70 
Biogenic synthesis, 271, 302, 312 
Biotin, 456 
synthesis of, 457 
Bispidine, 260i3 

Bispiperidinum compounds, 256 
Boiling points, relationships of, in azoles, 
389 

very high, in compounds, 354, 392, 433 
Bonds, static or fixed, in azoles, 391, 411 
in isoquinolines, 306, 307 
in quinolines, 278 
Bone oil, composition of, 185 
Brazan, 35 
Brazilin, 175 
Brazilinic acid, 175 
Bromination, of pyridine, 193 
reagents for mild, 42 
of thionaphthenes, 49 
Bromindigo, 138 

Bromo group, activation of, by ammono 
aldehyde, 208 
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Bromo group, activation of, by nitro, 
390, 393 

elimination of, by reduction, 412, 417 
replacement of, by chloro, 48 
Bromocoumaranone, 24 
Bufotenine, 118 
Butin, 170 

0 

('adaverine, 462 
Caffeine, 493, 494 
synthesiH of, 494 
Callistephin chloride, 165 
Camphidine, 261 n 
(vancer-producing compounds, 341 
Cannabinol, 176 
Captax, 384, 437 
Carbazole, 141 
dibenzo-, 101 
Carbazole yellow, 142 
CJarbeiiium ion, 167 
Carbindigo, 311 
C’arbobcnzoxy radical, 454 
Carbocyanine, 295 
Carboindogenide, 415 
Carbolines, 346 

C>arbon chain, expansion of, 232 
Oarboniurn ion, 167 
2 -Carbostyril, 276, 281 
1-hydroxy-, 269 
4-methyl-, 265 

4-Carbo8tyril, 2-methyl-, 265 
Carboxyl group, activated by ammono 
aldehyde, 214 
conversion of, to azide, 454 
to methyl, 153 
to nitrile, 221 

elimination of, by mercuric chloride, 7 
protecting influence of, 6, 9 
replacement of, by amino group, 452, 
502 

by iodine atom, 7 
by mercuric chloride group, 6 
by nitro group, 44 
stability of, in azoles, 412 
Carboxylic acids, preparation of, from 
azlactones, 30, 175, 428 
from rhodanine and aldehydes, 431 
of tertiary, 12 
Carnosine, 454 
<^atalase, 87 


Cerebrosidase, 463 
Chalcones, 169, 170 
Chavicine, 244 

Chelation, in euxanthones, 178 
in imidazole, 402 
in salicylaldoxime, 423 
Chelerythrine, 342 
Chelidonic acid, 150, 154 
Chelidonine, 342 
Chiniofen, 282 
Chloralantipyrine, 444 
Chlorination, nioclerate, reagents for, 43 
Chlorins, 84, 94 

Chloro group, replacement of, by amino, 
209, 485 

by tliiocyano, 368 

Chloroketones, preparation of azoles 
from, 366 
of furans from, 3 
of pyrroles from, 59 

Chlorophyll a, alkali degradation of, 88 
degradation of, 93 
f by hydriodic acid, 90 
porphyrins from, 88 
structure of, 92, 94 
Chlorophyll 5, 92 
Chlorophyllide, 92 
Chloroporphyrin, 91 

Chlorosulfonic acid, as sulfonating agent, 

J 44 

Chromanochrornanone, 172 
C/hromans, 158 
Chromenochromones, 174 
Chrysaniline, 335, 338 
C/hrysanthemin, 166 
(’hrysin, 170 
Ciba lake red B, 135 
Cincholoiponic acid, 289 
Cinchonidine, 288 
Ciflchonine, 288 
Cinchoninic acid, 285 
Cinchophen, 286 
Cinchotoxine, 289 
Cinnoline, 481, 506 

Cobalt, complex compounds, 439, 443, 
463 

Cocaine, 249 
substitutes for, 260 
Cocarboxylase, 498 
C^dehydrogenase I, 496 
Codehydrogenase II^ 497 
Codeine, 318 
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Ooenzyme R, 458 
Collidines, 185, 206 
Colors, in autumn foliage, 167 
(See alf^o Dyes) 

Columbia yellow, 433, 434 
C/omaiiic acid, 155 
Comenamic acid, 224 
C'omenic acid, 155 
pyrolysis of, 150 
(/ompral, 444 
Conhydrine, 246 
Cvoniceine, 230 
Coniceinos, 245, 246 
Coniine, 236, 244 
CVmyrine, 206, 243, 245 
('opellidinc, 243 
(bpelline, 243 
(^oproporphyrin, 84 
C>opyrinc, 353 

Copper, complex compounds, 136, 443, 
451, 454 
Cora mine, 214 
Cotarnine, 324lo 
Coumalic acid, 149 
Coumalin, 149 
(/oumaran, 20 

2,4,6,7-tetrameiliyl-5-hydroxy, 30 
Coumarandioue, 26 
Coumaran-3-one, 20, 26 
Coumaranones, 21 
(>oumariris, 161 
Coumaronc, 2-aldehydo-, 29 
discovery of, 20 

(See also Benzofuran) 
3 -Coumaronylacctic acid, 29 
Creatinine, 462 
Cryptocyanine, 295 
Cryptopine, 316 
structure of, 323$ 

("ryptopyrrolc, 69 
Cumar resins, 25 
C^preine, 288, 29X 
Curare, 319. 

Cusparine, 293 
Cyameluric acid, 516 
Cy«»nidin, 165, 166 
Cyanin dyes, 118, 294 
in bonzoxazole series, 420 
in indole series, 119 
in isoquino[2,l-c]quino[2, l-/lpyriniid- 
ine, 355 

ijn quinoline series, 294 


Cyanin dyes, in quinoxaline series, 507 
in thiazole series, 435 
Cyanogen bromide, ring opening witli, 
240 

Cyanuric acid, 515 
Cyanuric triazide, 515 
Cyaphenine, 450, 514 
Cyclooctatetrene, 260i4 
Cyclopropane, 424 
Cytisine, 357 
C'ytochrome c, 87 
Cytosine, 492, 496 
5-methyl, 492 

D 

Decarboxylation, over cpiinoline and 
copper, 71 

at reduced pressure, 502 
Deguelin, 173 
Dehydroacetic acid, 155 
Dehydrogenation, of amino acids, 132 
over nickel, 45, 190 
over palladium, 105, 190, 348 
by platinum, 45, 190, 218 
with silver acetate, 219 
with sulfur, 176, 218 
with zinc dust, 190, 219 
Dehydrorotenone, 174 
Dehydrothiopseudocumidine, 434 
Dehydrothiotoluidine, 384, 433 
Dehydrothio-7u-xylidine, 434 
Dclphinidin, 165 
Deoxyeseroline, 117 
Derissic acid, 173 

Dermititis, caused by benzothiazolc, 433 
Derric acid, 173 
Derrin, 172 
Defritol, 172 
Desoxophylloerythrin* 91 
Desoxyribonucleic acid, 4;96i 
Pesoxyvasicine, 5Q1 
Deuteraporphyrin, 91 
conversion of, to protoporphyrin, OO® 
Diaootylacetone, conversion of, to py- 
rone, 151 
Diaciidonyl, 333 
Dial, 491 

Dialkylthiazoloncs, 432 
Dialuric acid, 491 
Diaminophosphine, 338 
Diamorphine, 318, 
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Diaphoretic, pilocarpine as, 455 
Diazaanthracene, 346 
Diazacarbazole, 358 
Diazamercxirole, 362 
Diazines, 503 
Diazo oxides, 284 

Diazoalkanes, addition to carbonyl 
groups, 285 

Diazoles, naphthoid character of, 395 
substitution in, 402 
Diazomalonanilide, 466 
Diazomethane, 369 

Diazonium group, ring closure with, 33, 
34 

Diazotization, of anthranils, 426 
Dibenzodiazapyrene, 356 
Dibenzo[6,/][l,5]diazocine, 500 
Dibenzofuran, 32 
Dibenzothiophene, 53 
Dibenzoylethylenc, trana-, 32 
Dibromides, alkyleno, from pyrroles, 67 
from piperidine, 242, 259 4 o 
Dibrornin, 487, 490 
Dicyanamidazide, 411 
Dienes, preparation of thiophenes from, 
40 

Dienols, preparation of azoles from, 364 
of furans from, 3 
of thiophenes from, 40 
Dihydroaeridine, 333 
DihydA)azolea, stability of, 394 
Dihydrobenzencs, stability of, 394 
Dihydrofurans, 174 
Dihydroimidazolea, 394 
Dihydrooxadiazole, 370 
Dihydrooxatriazoles, 371 
Dihydrophenanthridine, 342 
2,3~Dihydrophenylindole, 105 
Dihydropyran, 149 
Dihydropyrindene, 299 13 
Dihydroquinicinols, 292 
Dihydroquinine, 3 OO 21 
Dihydrotriazoles, 394 
Dihydro-1,2,3-trioxole, 372 
Diindolyl, 119 
Diindoxyl, 123 
Diisatogen, 139 
a,)S-Diisoxazoyl ketone, 421 
1,4-Dikctones, cis unsaturated, 12 
preparation, 3 
of furans from, 3 
of pyrroles from, 57 


Diketopiperajsines, 504 
Dilituric acid, 487, 490 
Dimethylanolobine, 325i4 
Dimetbylergoline, 352 
Dinitriles, 190 
Diodrast, 224 
Diothane, 250 

Dioximes from furoxans, 410, 464 
Dioxindole, 126 

preparation of, from isatin, 100 
Diphenacyl, conversion of, to furans, 9 
Diphenyl ketones, conversion of, to 
acridones, 329 

Diphenylamines, conversion of, to acri¬ 
dines, 329, 334 

2,6-Diphenylbenzo-l,2,3,4-biBthiazole, 

438 

Diphcnylene oxide, 33 
reactions of, 33 

(See also Dibenzofuran) 
Diphenylhydantoin, 380 
Diphonylmethanes, conversion of, to 
acridines, 329 

Diphosphopyridine nucleotide, 497 
Dipyridyls, 195, 215 
preparation of, from i)henanthrolines, 
345 

a, /8'-Dipyridyls, 219 
Dipyrrylmcthenes, 76 
Dipyrroles, 67 
Dipyrromethanes, 75 
Dithiastibole, 364 
Diurein, acetylene, 458 
Dyes, acridine, 335, 338 
acridine red, 181 
alizarin blue, 355 
alizarin orange, 355 
from aminoantipyrine, 446 
antipyrine red, 446 
azo, 434, 435 
binschelder's green, 482 
brazilwood, 176 
brilliant phosphine yellow, 338 
brilliant phosphino immino, 338 
capri blues, 482 
chloramine yellow, 434 
ciba lake red B, 135 
ciba scarlet G, 52 
Columbia yellow, 433 
cyanine, 119, 294, 355, 420, 435, 507 
dimethylaminophosphine, 338 
eurhodines, 508 



INDEX 


529 


Dyes, Kallocyanincs, 482 
from histidine, 453 
indamines, 482 
indanthrene blue R, 511 
indanthrene yellow R, 356 
Indian yellow, 178 
indophenoj, 482 
ingrain, 434 
laiith^s violet, 483 
mauve, 508 
Meldola^s blue, 470 
methylene blue, 470, 480, 483 
methylene blue GC5, 480 
neutral red, 483, 507 
oxazine, 470, 482 
oxindigo, 26, 27 
phcnazine, 507 
phenonaphthoxazine, 480 
porphyrindin, 463 
primulin, 433 
pyrazole blue, 445 
pyrazolone, 448 
quinoline red, 355 
rhodamines, 182 
rosindiiline, 500 
safranine, 483, 500 
safranole, 483 
simple neutral red, 507 
thiaeyanine, 435 
thioindigo, 51 
thioindigo scarlet R, 52 
thionol, 483 
toluyleneroth, 507 

E 

Ecgonine, 249 
Ehrlich’s test, 68 , 106 
Eldoral, 401 
Elliptone, 864 , 174 
Elsholtzione, 16 
Embutal, 491 
Emetine, 356 
Endings of words, 476 
-azine, 476 
-azole, 362 
-epine, 476 
-ete, 476 
-ole, 363, 476 

Enimization, in Fisher-indole synthesis, 

101 

in imidazoles, 401 


Enimization, in indoles, 104, 105 
in pyrazoles, 400 
ill pyrroles, 62 
Enzymes, allantoinase, 460 
catalase, 87 
cerebrosidase, 463 
cocarboxylase, 408 
codehydrogenasc I, 496 
codehydrogenase II, 497 
coenzyme R, 458 
indimulsin, 124 
papain, 463 
peroxidase, 87 
pyruvic dehydrogenase, 498 
urease, 463 
Eosine, 182 
Eosines, 181 
Epindolines, 351 
Epiquinine, 288 
Epiquinoline, 288 
Ergine, 351 
Ergonovine, 351 
Ergot, 350, 452 
Ergotamine, 351 
Ergotoxime, 351 
Eriodictyol, 170 
Erythroapocyanine, 205 
Erythrosin, 182 
Esculetin, 162 
Eserine, 116 

Ether system, influence of, in azoles, 
386 

in furan, 11 

1,4-reduction of vinyl, 24 
Ethyl isatogenate, 125, 139 
Eucotropine, 247 
Euflavine, 338 
Eumadrine, 247 
Eumarcon, 491 
Euparin, 366 
Eurhodines, 508 
Euxanthic acid, 178 
Euxanthone, 178 
Evipal, 491 
Evodiaraine, 501 
Exhaustive methylation, 60, 307 
in curare, 321 

in isoquinoline compounds, 317 
in lobeline, 252 
in pyridine compounds, 201 
in tropine, 249 
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F 

Ferripyrine, 444 
Ferroin, 344 
Fibroin, 506 
Fisetin, 170 
Fish poisons, 163 
Flavaniline, 294 
Flavanols, 164 
Flavanthrine, 355 
Flavazole, 513 
Flaveosine, 336 
Flavicide, 338 
Flavine, 338 
Flavins, 511 
Flavones, 169 
Flavonols, 169 
Flavoprotein, 511 
Foliage, autumn, 167 
Food, dyes for, 182 
Formaldehyde, test for, 318 
Fluorescein, 181 

Fluorescence, measurement of thiamin 
by, 487 

Free radicals, in reduction of porphy- 
rexide, 463 
Fructosazine, 502 

Fructose, degradation to dihydroxy- 
acetone, 451 
Furan, acylation of, 0 
alkyl, 3 

comparative reactivity with benzene, 6 
comparison with azoles, 389 
2-cyano-5-methyl, 12 
diene character of, 7 
iodo, 5 

metalation of, 6 
/5-methyl, 16 
numbering of, 2 
substitution in, 4, 6 

Furan compounds, addition reactions 
of, 7 

amino, 10 

conversion of, to pyrroles, 59 
divinyl ether behavior of, 7, 11 
hydroxy, 10 
mercurated alkyl, 6 
physical properties of, 15 
physiological activity of, 13 
synthesis of, 3 
Furanosides, 17 
Furazan, 362 


Furfural, 2, 13 
6-w-chloromethyl, 3 
5-aj-hydroxymethyl, 3, 14 
5-methyl, 3 
Furful^d alcohol, 4, 15 
polymerization of, 8 
Furfuryl bromide, 4 
f'urfuryl chloride, 17 
decomposition of, 9 
Furocoumarins, 163 
Furodiazoles, 365 

2- Furoic acid, 4, 15 
5-bromo, 16 
5-bromo-4-isopropyl, 4 
reaction of, with bromine, 9 

3- Furoic acid, 16 
2-bromo, 5 

Furozans, 416, 464 

G 

Gallocyanines, 480 
Galopine, 293 
Gentisen, 179 
Glucuronic acid, 178 
Glutaconaldehyde, preparation of, from 
pyridine, 200, 436 
Glycine anhydride, 504 
Glyoxal, 449 
Glyoxaline, 363, 449 

Glyoxalpropionic acid, preparation of, 
from levulinic acid, 452 
Gmelin^s test, 80 
Gramine, 14782 

Grignard reagent, for anhydrous hydrol¬ 
ysis of ester, 10 

preparation of, from bromodibenzo- 
thiophene, 53 

from 3-bromothionaphthene, 51 
from halogeno furan compounds, 17 
from jS-halogeno vinyl ether, 25 
magnesium copper alloy for, 25 
reaction of, with acridine, 337 
with aldehydes, 4 
with cyclic anhydride, 32 
with indole, 107, 119 
with a nitrile, 16 
with pyridine, 197 
with quinoline, 276 
with sarcosin anhydride, 505 
{See also Reactions, Grignard; Zere^ 
witinov) 
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Guanine, 494, 496 
Guanylhydrazinc, 376 

IT 

Halogen, activation of, by ammono- 
aldehyde, 208 

addition of, to furan compounds, 7 
elimination of, from azinos by reduc¬ 
tion, 417 

from azoles by reduction, 412 
hydrolysis of, in azoles, 413 
Harmalinc, 348, 349 
Harman, 347-349 
Harmine, 348 

Heats of combustion, in angular and 
linear condensed systems, 397 
Hem, 84 
Hematein, 176 
Hematinic acid, 79, 83 
Hematoxylin, 175 

Hemoglobin, as catalyst in luminescence, 
483 

degradation of, to porphyrins, 88 
Hemopyrrole, 69 
Heroin, 318 
Hesperitin, 170 
Heteroauxin, 113 
oxygen analogue of, 29 
thiophene analogue of, 51 
Hexaraethylcnc tetramine, 513 
Hexogen, 516 

Hexoses, conversion of, to furfural, 3 
differentiation of, from pentoses, 8 
Histamine, 452 
2-thiol, 455 
Histidine, 453 
Histidol, 453 

Hofmann degradation, isolation of inter¬ 
mediate product in, 502 
Hofmann's rule, 307 
Homopilopic acid, 456 
Hopkins-Cole test, 115, 118 
Hordenine, 314 

Hydantoic acid, ethyl ester, 458 
Hydantoin, 458 
diphenyl, 458 
5,6-ethylphenyl, 460 
6-substituted, 459 

Hydrazines, preparation of azoles with, 
374 


a-Hydrazines, j)reparation of, from pyra- 
zoles, 407 

Hydrazoic acid, 1,3-addilion of, 369 
formation of azoles with, 369, 467 
Hydrocinchonidine, 288 
Hydrocupreine, 291 
Hydrogenation (m Reduction) 

Hydrone blue, 142 
TTydroquinidine, 288 
llydroquinine, 288, SOOji 
Hydroxyl amine, addition of, to thiazoles, 
404 

Hydroxyl groups, in azoles, 414 

reduction of, by phosphorus pentasul- 
fide, 414 

Hydroxy phenyl thiazoi i e, 481 
Hydroxyuracil, acidity of, 488 
Hygrinc, 261 ig 
ITyoscine, 247 
Hyoscyamine, 247 
Ilypaphorine, 115 
Hypnotics, hydantoins as, 400 
theory of action of, 460 
Hypoxanthine, 494 

r 

Idaein, 166 
Ikterogen, 74 u 
Imidazole, 450 
/^-aminoethyl, 452 
1,5-diinethyl, 454, 456, 463 

2.4- diinethyl, 450 

4.5- diphenyl, 451 
4(5)-hydroxymethyl, 451 
4(5)-methyl, 450 
triketo, 460 

Imidazole-4(5)-carboxylie acid, 451 
Imidazole-pyrimidine system, 484 
Imidazoles, 449 
acidity of, 405 
boiling points of, 390 
methylation of, 402 
Pauly tost for, 454 
preparation of, 364, 404 
and azines, 476 
stability of, 404 
substitution in, 401 
Imidazolones, 458 
Imidazolylacetic acid, 471 h 
i3-(4-Imidazolyl)proprionic acid, 451 
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Imine-ketimine system, in imidazoles, 
401 

in indoles, 104, 105 
in pyrazoles, 400 
in pyrroles, 62 

Imino ether, in preparation of azoles, 375 
reaction of, with ammonia, 366, 462 
with hydrazine, 366, 374, 375 
Iminohydrazido, 366 
Iminothiadiazolone, 375 
Imperatorin, 163 
Indalone, 152 
Indamines, 482 
Indanthrone, 511 
Indazole, 363 

5-nitro-3-bromo-2-methyl-, 393 
preparation of, 382, 385 
Indazoles, 448 
naphthoid character of, 395 
Indene, 25 
Indican, 124, 133 

Indicators, in electrometric processes, 344 
oxidation-reduction, 481, 510 
pyocyanine, 510 
for titration of rhodanine, 430 
Indigo, 132 
analogues of, 138 
aniline by pyrolysis of, 135 
cis- and trans-forms of, 134 
congener of, 354 
derivatives of, 100, 135 
metal complexes with, 136 
oxygen analogue of, 26 
pyrazolone analogue of, 445 
thio analogue of, 51 
Indigo white, 134 
Indigosol, 134 
Indimulsin, 124 
Indirubin, 123, 137 
Indoflavine, 338 
Indogenides, 123, 125 
Indole, 106 

3-aldehydo, 112 
ot-amino, 111 

bisulfite addition compound of, 106, 
110 

2,3-dimethyl, 109 

2- methyl, 107 

3- methyl, 108 

4- methyl, 108 

5- raethyl, 108 
2*-phe^yl, 109 


Indole-3-acetic acid, 112 
Indole-jS-carboxylic acid, 112 
3-Indolemethylaminc, 112 
Indolenine red, 119 
Indolenines, 109 
Indoles, preparation of, 100 
from dipyrrolcs, 67 
reactions of, 104 
ring opening of, 105 
Indoline, 111 
Indolines, 111 
Indolizine, 236 
formation of, 205 
^-(Indolyl-3)propionic acid, 114 
Indophenine test, 39, 46, 129 
in azoles, 400 
in diazoles, 402 
in thiophene, 39 
in triazoles, 402 
Indoxazene, 423 
Indoxyl, 121 
Indoxylic acid, 124 
Inosic acid, 513 
Insulin, 463 

lodination, of benzene, 43 
of pyrrole, 65 
of thiophene, 43 

lodo substituent, replacement of, by 
nitro group, 7 
lodol, 65 

lodopyridone compounds, 224 
lopax, 224 
Ipral, 491 
Iregenin, 171 

Iron salts (see Metal complexes) 

Isatan, 128 
Isatide, 126, 128 
structure of, 14526 
Isatin, 126 

condensation of, with rhodanine, 130, 
47116 

indazoles from, 383 
in indophenine reaction, 39, 46 
oxime, rearrangement of, 499 
quinolines from, 273 
reduction of, 100 
thioindigo dyes from, 52 
Isatin-a-anil, 132 
Isatinic acid, 129 
Isatogen, 139 
Isoalloxazine, 512 
Isobenzofurans, 31 
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Isocarbimidindogcnides, 125 
Isocarbostyril, 311 
Tsocryptopine, 316 
Isocyanine, 295 
Isoflavones, 171 
Isoimidazole, 362 
Isoindigo, 139 
Isoindogenides, 125 
Isoneoxanthobilirubic acid, 80 
Isonitrosocoumaranon, 23 
Isopyrazole, 362 
Isoquinaldinic acid, 285, 311 
Isoquinoline, 311 

1.4- dihydroxy-, 311 
7-hydroxy-, 325 13 

synthesis of from a-methylisoindole, 
341 

Isoquinoline alkaloids {see Alkaloids) 
Isoquinoline carboxylic acid, 311 
Isoquinoline compounds, 311 
preparation of, 301 
reactions of, 306 
Tsothiazole, 362 
Isotubaic acid, 28 
Isoxazole, 5-w-amyl-, 388 

4 - anisy 1-3,5-diphenyl, 423 

3.5- dimethyl, 421 
diphenylbenzoyl, 424 
3,4-diphenyl-5-p-bromophenyl, 423 

5- n-hexyl, 388 
methyl, 421 
3-phenyl, 388 
3-phony 1-5-mcthyl, 421 

3.4.5- triphenyl, 388, 422 
Isoxazole azide, 422 
Isoxazole carboxylic acid, 421 
Isoxazole-5-azotrinitromethane, 421 
Isoxazoles, 421 

boiling points of, 390 
chlorination of, 399 
preparation of, from nitro compounds, 
377 

reduction of, 404 
solubility of, in water, 386 
Ifloxazoline oxides, 424 
Isoxazolones, 415 
Isozonide, 372 

K 

Kaempferol, 170 
Kairolin, 280 


Kathepsin, 463 
Keracyanin, 166 

Ketimine-enimine system {see Knimiza- 
tion, Imimine-ketimine) 
iS-Keto esters, furans from, 3 
pyrroles from, 57 
hydantoins from, 460 
Ketones, a-amino, azoles from, 366 
a-chloro, azoles from, 366 
furans from, 3 
pyrroles from, 59 

cyclic, enlargement of ring by oxime of, 
372 

preparation of, from aldehydes and 
diazoalkanes, 285 

from jS-keto esters by hydrolysis, 213 
from nitriles and (Irignard reagent, 
285 

reaction of, with azides, 371 
with diazomethane, 369 
reduction {see Reduction, by hydra¬ 
zine, by oxalyl chloride, l\y phos¬ 
gene) 

a-substituted, in preparation of azoles, 
366 

a-thiocyano, azoles from, 366 
Knorr’s pyrrole, 70, 71 
Kojic acid, 153 

L 

Lachrymators, chloroacetylpyrazole, 440 

Lactoflavin, 511 

Laudosinc, synthesis of, 324a 

Lclobanidin, 261 20 

Lepidine, 277, 279 

liCucopterin, 498 

Levulinic acid, a-methyl, thiophene com¬ 
pounds from, 43 

preparation of, from furfuryl alcohol, 8 
from gloxalpropionic acid, 452 
methylthiophcne from, 40 
Levulinic aldehyde, 239 
Liebermaun^s test, for thiophene com¬ 
pounds, 47 

Lithium alkyls, addition of, to pyridine, 
195 

to quinolines, 2982 / 

Lobelan, 260io 
Ijobclanine, 239 
Lobeline, 252 
Loipoinic acid, 289 
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Lophine, 450 
Luniiflavin, 511 
Lumilactoflavin, 511 
Luminal, 491 

Luminescence, of luminol, 483 

I^umiiiol, 483 

IjUpelidine, 243 

Lupinane, 358 

Lupinine, 253 

Luteolin, 170 

Lutidines, 206 

solubility of, in water, 387 ‘ 

Luvican, 142 
Lysergic acid, 351 

M 

Maggots, allantoin in secretion of, 461 
Malaccol, 174 

Maleic anhydride, addition of, to furan, 7 
to pyrroles, 65 

reaction of, with benzene and alumi¬ 
num chloride, 32 
with dinaphthylenetliiophene, 45 
Malobiuret, 487 
Malonic ester, acidity of, 488 
Maltol, 153 

Malvidin chloride, 105, 166 
Mauve, 508 
Meconic acid, 155 
• pyrolysis of, 150 
Melam, 517 
Melamine, 515, 517 
Meldola’s blue, 479 
Melcm, 517 

Melting points, of amino acid anhydrides, 
504 

of azoles, 391 
of benzdiazines, 506 
of diazincs, 503 
Melubrin, 444 
Meocyanin, 166 
Merbaphan, 490 

Meroaptans, preparation of, from thia- 
zoles, 407, 409 

Mercaptb group, oxidation of, 414, 451 
Mercuration, of furan compounds, 5, 11 
of thionaphthencs, 50 
of thiophenes, 45 
Meriquinone, 511 . 

Meroquinenine, 289 
Mescaline, 314 


Mesobilirubin, 80 ^ 

Mesoetioporphyrin, 84, 88 % 

Mesoporphyrin, 88, 89 
conversion of, to pyrroporphyrin, 999 
Metal complexes and salts, of anserine, 
454 

with benzimidazole, 463 
with 1,3-diketones, 157 
with dipyridyls, 215 
with imidazoles, 451 
in preparation of, 366 
with indigo, 136 

with nitrosophenylhydroxylamine, 426 
with o-phenanthrolines, 344 
with pyrazines, 503 
with pyrazoles, 439 
with pyrazolones, 443 
with pyridine, 203 
with quinolinc-2-aldoxime, 284 
with 8-quinolinol, 281 
Metalation, of anisole, 11 
of dibenzothiophene, 53 
of furan, 11 

of thiophene compounds, 45 
Metal-halogen interchange, in dibenzo- 
furan compounds, 33 
Methyl ethyl ketone, condensation of, 
with ethyl oxalate, 47327 
in Fischer indole synthesis, 267 
in Knorr^s pyrrole synthesis, 58, 290 
in quinoline synthesis, 267 
reactivity of, on ethyl side, 267, .290 
Methyl group, activation of, by ammono- 
aldehydc system, 204, 277, 411 
by nitro group, 118 
activity of, in anthrazolines, 346 
condensation of, with aldehydes, 331 
reactivity of, in azoles, 411 
in isoquinoline, 307 
Methylation, effect of basicity on, 402 
exhaustive (see Exhaustive methyla¬ 
tion) 

Methylene blue, 480, 483 
(See also Dyes) 

3,3-Methylenebis- (4-hy droxycoumarin), 
164 

4-Methylesculetin, 162 
4-Methylgranatonine, 251 
N-Methylhomogranatonine, 239 
a-Methylisoindole, 341 
Methylrubazonic acid, 447 
N-Methyltryptamine, 116 
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Metrazole, 372, 466 
Migrainin, 444 
IVlityCaine, 250 
Molozonide, 372 
Monomethylphosphine, 338 
Morin, 170 
Morphine, 317 
Morpholine, 477 
Murexide, 492 
Myosmine, 219 
Myricetin, 170 
Myristicin, 324io 

N 

Naming, of acridine and related com¬ 
pounds, 326 
of azincs, 476 
of azoles, 362 
of hi cyclic systems, 229 
of coumarones, 20 
of 3- to 9-membercd rings, 476 
of piperidine compounds, 229 
of reduced rings, 476 

{i^ee also Furans, Pyrroles, Thio¬ 
phene, and other classes of com¬ 
pounds ) 

Naphimidazole, reactivity of, 398 
Naphthracridines, 341 
Naphthoic acids, preparation of, from 
furoic acid, 13 
Naphthoid properties, 394 
Naphthothiazoles, 471 12 
a:-Naphthotriazoles, 433 

comparison of, with anthracene, 397 
a-Naphthoxazole, 2-methyl-, 420 
/5-Naphthoxazole, 2-methyl-, 419 
2,1-Naphthoxazole, 388 
Naphthyridine, 207, 328, 353 
Narcotine methiodide, degradation of, 
309 

Nembutal, 491 
Neocyanine, 296 
Neonal, 491 
Neonicotine, 219 
Neotropine, 222 
Neoxanthobilirubic acid, 80 
Nicotinamide, 497 
Nicotine, 217 
oxidation of, 218, 261 21 
to nicotinic acid, 440 


Nicotine, synthesis of, 218, 2268 
Nicotinic acid, 214 
Nicotyrine, 218 
Nirvanol, 460 

Nitrates, conversion of nitrogen to, 512 
Nitration, of furans, 6 
of pyridine, 192 
of thiazoles, 400 
of thiophenes, 43 

Nitrile group, reaction sequence for in¬ 
troducing, 16 

Nitriles, a-keto-, formation of, 29 
preparation of, from acids, 221 
by dehydration, of amide, 221 
of oximes, 251, 252 
from furazans, 406 
from hydrogen cyanide and chalcone, 
343 

from isoxazoles, 106 
from rhodanines, 431 
Nitro group, activating influence ot, 
393 

protecting influence of, 9 
replacement by, of methyl, 64 
of other groups, 64 
Nitroacridines, 333 
Nitrogen atom, configuration of, 257 
Nitroguanidine, in preparation of amino- 
tetrazoles, 376 
Nitrones, 198 
addition reactions of, 198 
of isoxazoles, 425 

preparation of, from nitroso com¬ 
pounds, 371 
Noctal, 491 
Nor-, prefix, 348 
Norharman, 348 
Norlupinane, 230, 253, 254 
synthesis of, 254 
Norsalsoline, 313 
Nostral, 491 
Novalgin, 444 
Novasural, 490 
Novatropine, 247 
Novocaine, 250 
N-oxides, in furoxans, 416 
in porphyrexide, 462 
in pyridine compounds, 197 
in s 3 mthesis of cryptopine, 316 
Nucleic acids, 496 
Numal, 491 
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Numbering, in acridines, 326 
in azoles, 362 

{See also under title of ditfcrciit com¬ 
pounds) 

Nupercaine, 250, 286 

O 

Octahydroindolizinc, 230 
Octahydropyrindole, 230 
Octahydropyrrocolinc, 230 
Octahydroquinolizine, 230, 254 
Odors, of azoles, 387 

of 2-phenylbenzothiazole, 433 
of 2-phenyl-5-methyltetrazolc, 466 
Oenin, 166 
Olivetol, 176 

Open-chain compounds, from azoles, 406, 
47110 

from furan compounds, 5, 8, 12, 13 
from hydantoins, 459 
from imidazoles, 455 
from isoxazoles, 406 
from piperidines, 240, 2C0is 
from pyridines, 201, 436 
from pyrroles, 67, 71 
from rhodanines, 430 
Opsopyrrole, 69 
Orcinolphthalein, 182 
Oreoselone, 163 

Orienting influence, in azoles, 400 
in furan compounds, abnormal, 4 
in furans, 11 

in thiophene compounds, 43 
Oroflavin, 511 
Octal, 491 

Overton-Meyer theory, 489 
Oxacyanines, 420 
Oxadiazoles, 362, 464 
boiling points of, 390 
Oxalylindigo, 135 

1,2-Oxaphosphole, 3,5-diphenyl-2-tric Jiio- 
ro-, 468sff 

Oxathiaphosphole, 362 
Oxathiazole, 362 
Oxazines, 477 
Oxazoles, 418, 419 
alkyl, 380 

boiling points of, 390 
dimethyl, 418 
4,6-dim€thyl-2-phenyl, 388 
diphenyl, 418 


Oxazoles, methyl phenyl, 418, 471 12 
phenyl, 418 

preparation of, from amino acids, 380 
from protein, 381 
reduction of, 404 
resistance of, to oxidation, 410 
triphenyl, 418 
Oxazolines, 419 

Oxidation, by air, of chlorophyll, 94 
of hematoxylin, 176 
of indigo during sublimation, 137 
of an indole methiodide, 109 
of indoxyl, 123, 137 
of leucoindigos, 134 
of phylloerythrin, 90 
of reduced porphyrins, 83 
by arsenic acid, in Skraup synthesis, 
263 

by barium permanganate, of N-methyl- 
cytisine, 357 

of methyl ether of pyridoxime, 221 
by benzoperacid, of a pyridine, 197 
of a tertiary amine, 316 
by bromine, of furan compounds, 5, 9 
of dipyrrylmethane, 76 
of isopropyl group, 5 
of piperidines, 190 
by bromine and silver oxide, 5 
by calcium permanganate^, of naphtha¬ 
lene, 482 

by chloranil,'of dipyrrylmethane, 76 
by chlorine, of amino group, 433; 434 
of oxindole, 121 
of thiocyanates, 486 
by chromic acid or anhydride, of 
alcohols, 249, 253 
of benzalbarbituric acid, 490 
of bilirubin, 70 
of dihydropyrazoles, 442 
of lobcline, 252 
of methylquinoline, 285 
of phenanthridine, 342 
of porphyrins, 84 
of pyrroles, 68 
of quinine, 289 
of tropine, 248 
of tropinone, 248 
of vitamin E, 160 

by cupric acetate in formation of 
imidazoles, 366 

by dichromates, of acridine, 333 
of aldehydes, 4 
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Oxidation, by dichromates, of dibenzo- 
thiophene, 63 
of harmaline, 349 
of naphimidazole, 398 
of naplithatriazole, 397 
of quinolizine, 236 
i)y ferric chloride, of acridanes, 329 
of dipyrromethanes, 76 
of hydroquinone, 71 
of indoxyl, 123 
of tryptophan, 114, 349 
of yohimbine, 350 
by ferricyanides, of acridanes, 329 
of acridinium hydroxide, 331 
of hydrazide, 375 
of pyridininm hydroxide, 199 
in thioindigo dye formation, 51 
by hydrogen peroxide, of aminopyri- 
dines, 211 

of 1,4-dihydroxy isoquinoline, 311 

of imidazoles, 410 

of indoxyl, 123 

of isatin compounds, 130 

of ozonides, 71 

of piperidine, 241 

of pyruvic acids, 120 

of substituted pyrazines, 502 

of tetrahydromethylderritol, 173 

of tetrahydroquinoline, 280 

of thiophenol, 215 

by hypochlorous acid, of quinoline, 
275 

by iodine, of rotenone, 173 
by nitric acid, of acridanes, 329 
of alloxantin, 490 
of dihydropyridines, 187 
of hydroxymethylimidazole, 451 
of imidazole, 410 
of lysergic acid, 351 
of mercapto group, 414 
of nicotine, 440 
of quinolizine, 236 
of uric acid, 462 

by nitro compounds, of piperidines, 190 
in Skraup synthesis, 263 
by periodic acid, of desthiobiotin, 457 
by peroxides, of trithianes, 517 
by persubstituted halogen compounds, 
490 

by persulfate, of aminopyridine, 211 
by phenylhydrazines, of anils, 102 


Oxidation, by potassium chlorite, of thia- 
zoles, 410 
of uric acid, 490 

by potassium permanganate, of acri¬ 
dines, 333 

of acrylic acid, 287, 335 
of alkylthiophen, 43 
of anabasine, 219 
of aryl group, 34 
of azoles, 377 
of benzene system, 201 
of benzoylpiperidine, 241 
of berberinc, 319 
of brazilin derivative, 175 
of carbostyrils, 281 
of cyanine dyes, 295 
of dehydrorotenone, 173 
of hydroxy alkyl groups, 5 
of indole compounds, 105, 109 
of isoquinoline compounds, 315 
of methyl groups, 34, 340 
of naphthalene, 482 
of phenanthrolines, 344 
of piperic acid, 244 
of polyhydroxyanthraquinone, 313 
in preparation of pyrazolc carboxylic 
acid, 442 

of pyridine systems, 201 
of pyronine, 181 
of quinine, 289 
of quinoline, 221, 275 
of substituted pyrazine, 502 
of tetrahydroquinoline, 510 
of tetrazolium salt, 377 
of triarylpyrylium salts, 157 
of trithianes, 517 

of tubocurare-type compound, 320 
of uric acid, 461 

by selenium dioxide, of diincthyldi- 
pyridyls, 217 

of keto methylene system, 277 
of methylquinoline compound, 298^0 
of quinaJdine, 277 

by silver acetate, of piperidines, 191 
by silver nitrate, of vitamin E, 161 
by silver oxide, of bromo alkyl group, 5 
of piperidinium salt, 256 
by sodium nitrite, of indigosol, 134 
by sulfuric acid, of araiixopjTidine, 211 
of piperidine, 191 
(See also Dehydrogenation) 
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Oxidation and reduction, intromolecular, 
8, 377 

Oxidative cleavage, of azoles, 410 
Oximes, configuration of, 422 
ring enlargement from cyclic, 231, 273, 
342, 372 
Oxindigo, 26, 27 
Oxindirubin, 27 
Oxindole, 120 

formation of, from isatin, 100 
Oxonium salts, 167, 168 
Oxyberborine, synthesis of, 324 12 
Oxygen, replacement of nuclear, in 
azoles, 411 
in furan, 9 
in pyrones, 151 
Oxytryptophan, 116 
Ozone, structure of, 372 
Ozonides, 372 

Ozonization of benzofurans, 24 


Pantocaine, 250 
Papain, 463 
Papaverine, 315, 324ii 
Paper, safety, 434 
Parabamic acid, 462 
Parpevoline, 243 
Parvolines, 186, 206 
Pauly, color test, 454 
Peganine, 501 
Pelargonidin, 165, 166 
Pelletierine, 251 
Pellotine, 314 
Penaldic acid, 429 
Penicillamine, 429 
Penicillin, 428 
Penicilloic acid, 429 

Pentamethylene dibromide, synthesis of, 
201 

Pentamethylene tetrazole, 372 
Pentarsenole, 365 
Pentazole, 362 
Pentobarbital, 491 

Pentosans, conversion of, to furfural, 13 
Pentoses, conversion of, to furfural, 3 
differentiation of, from hexoses, 8 
Pentothal, 491 
Peonidin, 166 
Peppers, synthetic, 244 ’ 

Perabrodil,^224 


Perbromides, of azoles, 399 
of pyridine, 400 
of pyrone, 150 
of thiazole, 400 
Percaine, 286 
Pernocton, 491 
Peroxidase, 87 
Peucedanin, 163 
Phanodorn, 491 
Phase test for chlorophyll, 95 
Phenacylacetpnc, furan compounds from, 
9 

Phenanthraquiiione, condensation of, 
with rhodanine, 430 

Phenanthreno, comparison of, with naph- 
thotriazoles, 397 
Phenanthridino, 341, 342 
numbering of, 327 

preparation of, by Pictet and Hubert’s 
method, 353 
Phenanthridoiie, 342 
Pheiianthrolines, 328, 343 

0 -, complex, with ferrous chloride, 344 
Phenanthroxazole, 2-phenvl-, 419 
Phenazines, 507 
Phenhomazine, 500 
Phenobarbital, 491 
Phenolisatin, 129, 491 
Phcnolphthalein, analogue of, 129, 49 J 
conversion of, to isobenzofuran, 32 
Phenols, preparation of o-amino, 407 
test for, 446 

Phenonaphthoxazonc, 480 
Phenothiazine, 480 
Phenotripyridine, 354 
Phenoxazincs, 478 
Phenylazide, 1,3-addition of, 369 
Phenylcoumalin, 152 
Phenylhydrazones, conversion of, to 
indoles, 101 

N-Phenylpyridine, from N-benzylpyr- 
role, 341 

Phenylselenoxanthydrol, 1848 
Pheophorbide, 95 
Pheoporphyrin, 90, 94 
Phorbins, definition of, 94 
formation of, 92 
Phosphine, 335 
Photoflavin, 511 

Photographic process, antihalation agent 
for, 448 

filter layer in, 446 
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Photographic process, sensitizer for, acri¬ 
dine orange as, 337 
cyanine dyes as («cc Dyes, cyanine; 
Cyanin dyes) 

Phthalazine, 481, 506 
Phthalhydrazides, 482 
Phthalocyanines, 96 
Phthalonic acid, 482 
Phyllins, 84 
Phyllochlorin, 95 
Phylloerythrin, 90, 91 
Phylloporphyrin, 88, 89 
7-, 90 

Phyllopyrrole, 69 

Physiological activity, of acridine com¬ 
pounds, 339 

of alkaloids (see Alkaloids) 
of caffeine, 494 
of dibenzofurans, 35 
of furan compounds, 13 
of histamine, 453 
of nucleic acids, 496 
of quinoline compounds, 283 
of thiol group, 455 
of trigenin, 444 
Physostigmine, 116 
Physostigmol, 116 
Phytyl alcohol, 93 
Picolincs, 185, 186, 204, 206 
solubility of, in water, 386 
Picolinic acid, 213 
a-, 285 

Pigments (see Dyes) 

Pilocarpidine, 456 
Pilocarpine, 455 
Pilopic acid, 456 
Pilosinine, 456 

Pimelic acid, from biotin, 456 
from furfural, 5 

Pinacolin rearrangement, of dihydroxy- 
dihydrouric acid, 461 
Pinacyanol, 339 
Pinacyanole, 296 
Pinaflavol, 339 

Pine-splinter test, in carbazoles, 141 
in coal-tar distillate, 185 
with indoles, 106 
for pyrroles, 68 
Pipeoolines, J243 
Piperazine, 504 
use of, in synthetic paper, 244 


Piperazines, 503, 504 
from polymerization of th^azolyl chlo¬ 
rides, 429 
Piperidine, 243 
or-butyl-, 236 

Piperidine compounds, conversion of, to 
acyclic systems, 260i^ 
effect of, in preventing oxidation, 243 
reactions of, 240 
ring opening of, 240 
synthesis of, 230 

Piperidinium pentamethylene dithiocar- 
bamatc, 243 
Piperidino, 229 
Piperidocoline, 230 
Pipeline, 244 
Piperolidino, 230 
Piperonylic acid, 244 
Plasmoquinc, 283 
Polyhydroxyflavones, 169 
Polymerization, of 2-alkylthiazolyI chlo¬ 
rides, 429 

of benzonitrilo, 514 
of coumarone, 25 
of cyanogen chloride, 515 
of dihydrobenzofurans, 21 
of furfuryl alcohol, 8 
of indene, 25 
of Schiff bases, 513 
of thazolyl chlorides, 429 
of thioformaldchyde, 517 
Polypyridyls, 215 
Porphin, 84, 87 
Porphyrexide, 462 
Porphyroxin, 462 
Porphyrindin, 462, 463 
Porphyrins, 81, 87 
in bitumen, 92 

naming and numbering of, 84 
preparation of; 85 
reactions of, 83 

Positive pole, effect on reactivity in 
pyridine compounds, 191, 192 
Prefixes, iso-, 363 
nor-, 348 

Primuline base, 433 
Procaine, 250 
Proflavine, 338 
Prolino, 72 

Proline anhydride, 504 
Prominal, 491 
Prontosil, 364 
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Proponal, 491 
Proteins, qpupHng of, 453 
determination of sulphydryl group in, 
463 

preparation of oxazoles from, 381 
Protoetioporphyrin, 88 
Protopine, 32514 
Protoporphyrin, 87, 88 
Pseudoconhydrine, 246 
Pseudocumene, 434 
Pseudoindoles, 109 
Pseudopclletierinc, 251 
Pseudotropinc, 259? 

Pseudouric acid, 487, 495 
Pterins, 498 
Purine, 493 
Purpuric acid, 492 
of pyrazole series, 447 
Pxirptirins, 94 
Putrescine, 452 
Pyocyanino, 510 
Pyramidone, 444 
transformation product of, 447 
Pyran compounds, 149 
numbering of, 148 
Pyranthonc, 356 
Pyrazines, 502 
alkyl, synthesis of, 502 
boiling points of, 503 
Pyrazole, chloracetyl-, 440 

5-chloro-l-phenyl-3-inethyl-, 444 
dimethyl-, 439 
4-nitro-5-(3-pyridyl)-, 440 
Pyrazole blue, 445 
reaction of, with ammonia, 447 
(See also Dyes) 

Pyrazole carboxylic acids, 440 
Pyrazole-4-phosphinic acid, 5-chloro-l- 
phenyl-3-mcthyl-, 444 
Pyrazoles, 439 
acyl, 439 
basicity of, 405 
boiling points of, 390 
stability to acids, 407 
substitution in, 400 
Pyrazolines, 440 
tetraphenyl, 415 
triphenyl, 442 
5-Pyfftzolone, 416 
3-methyl, 415 
l-phenyJ-S-methyl-, 443 


3-Pyrazolone-4-dimethylamino-1, 5-di- 
methyl-2-phenyl-, 444 
Pyrazolones, condensation products of, 
444 

Pyrazo [ 1,2-a]pyrazole, 2,6-dialkyl tetra- 
keto-, 379 

Pyrazylpyrazolonc, 416 
Pyrcthrum, 174 
Pyridazines, ^-alkyl, 602 
melting points of, 503 
triamino, 486 

Pyridine, amino derivatives of, 208 
bromination of, 193 
chemical reactions of, 191 
complexes with, 203 
effect of salt formation on, 196 
halogen derivatives of, 207, 209 
homologues of, 204 
hydroxy, 211 

melting point comparisons with, 503 
3-methyl, 186 
iiitro, 211 

preparation of, from condensed sys¬ 
tems, 191 

from a-methylpyrroles, 341 
from piperidines, 190 
from pyrones, 235 

reactions of, with sodium amide, 194 
ring opening of, 199, 200 
solubility of, in water, 386 
synthesis of, 186 
Pyridine arsenicals, 223 
Pyridine carboxylic acids, 213 
Pyridine compounds, in bone oil, 185 
Pyridine mercurials, 222 
Pyridine sulfonic acid, 215 
2,4,5-Pyridine tricarboxylic acid, 350 
Pyridine-2-aldehyde, 212 
Pyridinium chloride, N-phenyl-i3-hy- 
droxy-, 14 

N-Pyridinium sulfonic acid, 505 
Pyridinoles, 346 
Pyridium, 222 
Pyridobenzimidazole, 464 
iVrido[2,3-c]isoquinoline, 328 
Pyridones, 211 

Pyrido[2,3-/]m-phenarnthridine, 354 
Pyrido(3,2-6]pyridine, 328 
Pyrido[3,2-c]quinoline, 828 
Pyridoxine, 221 
Pyridylacetylene, 207 
Pyridylalkenes, 205, 206 
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Pyridyinitramine, 211 
I^rimidine, 484 
methyl, 484, 485 
dimethyl, 485 
Pyrimidines, 483 

melting point comparisons with, 503 
Pyrocoll, 506 
Pyrokoman, 150^ 

Pyrolysis, of acridine, 333 
of bone oil, 185 

and preparation, of phenanthridiiie by, 
341 

of pyrazines by, 502 
of pyridines by, 185 
of pyromncic acid, 3 
Pyromucic acid, 15 
pyrolysis of, 3 
a-Pyronc, 149 
7 -Pyronc, 150 

2.6- dimethyl, 151 

2.6- diphenyl, 152 
tetrahydro, 238 

conversion of, to bicyclic compounds, 
238 

Pyrone carboxylic acids, 153 
Pyronine, 181 
Pyrousnic acid, 29 
Pyrrochlorin, 95 
Pyrrocoline, 230 
Pyrrodiazoles, 365 
Pyrroetioporphyrin, 88 
synthesis of, 99lo 
Pyrrole blue, 129 
Pyrrole compounds, 69 
Pyrrole red, 66 
I^rrolenphthalide, 69 
Pyrroles, 56 
acidic properties of, 60 
addition reactions of, 65 
amino, 64 
coupling with, 64 
crypto, 69 
hemo, 69 
Knorr’s, 70 
methyl, 70 

naming and numbering of, 56 
nitration of, 64 
opso, 69 

phenolic properties of, 60 
phyllo, 69 

pine-splinter test for, 56 
reactions of, 60 


IVrroles, reduction of, 66 
ring opening of, 67 
substitution in, 63 
synthesis of, 56 
tests for, 68 
tetraanisyl, 101 
teiraphenyl, 101 
Pyrrolidines, 66, 231 
A‘-Pyrroline, 66, 71 
Pyrrophoophorbide, 95 
Pyrroporphyrin, 88, 89 

conversion of, to mesoporphyrin, 89,999 
Pyruvic dehydrogenase, 498 
Pyrylium salts, 156 

Q 

Quebrachine, 349 
Quercitin, 170 
Quinaldine, 277, 279 
synthesis of, 263, 271 
Quinaldinic acid, 285 
Quinazoline, 499, 506 
synthesis of, 477 
Quinazolines, 498 
Quinazoloneacetic acid, 501 
Quindolines, 354 
epi-Quinidine, 288 
cpi-Quinine, 288 
Quinine, 287 

comparison of, with pyrazolones, 443 
synthesis of, 290 
Quininic acid, 289 
Quinoline, 278 
aldehydo, 284 
a-amino, 270 
8 -amino-6-hydroxy, 282 
2,4-dihydroxy, 269 
2,3-dimethyl, 267, 333 
homologues of, 278 
hydroxy, 281 

preparation of, from a-methylindole, 
341 

reactions of, 275, 278 
synthesis of, 262 
tetrahydro, 274, 280 
Quinoline carboxylic acids, 285 
Quinoline compounds, preparation of, 
from isatin and hydantoin, 459 
therapeutic activity of, 283 
Quinoline diazooxides, 283 
Quinoline yellow (see Dyes) 
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Quinolinic acid, 275 
Quinolinofurazan, 284 
8 -Quinolinol, 281 
Quinolizine, 236 
Quinones, 1,4-addition to, 163 
addition of phenylazide to, 368 
reduction potential of, 398 
Quinosol, 282 
Quinoxaline, 502 
odor of, 387 
synthesis of, 476 
Quinoxaline cyanines, 507 
Quinoxaline-pyrazole systems, 513 
Quinoxalines, 506 
Quinoxyl, 282 
Quinuclidine, 230 
synthesis of, 237, 255 
Quinuclidine-2-carboxylic acid, 2596 

R 

Ravenelin, 179 

Reactions, Arndt-Eistert, 29, 51, 370 
preparation of acids by, 29 
of homopilopic acid by, 456 
Beckmann rearrangement, in prepara¬ 
tion of phenanthridines, 341 
{See also Rearrangement, Beckmann) 
Bergmaim’s protection of amino group, 
454 

Bischler and Napieralski, 301 
Chichibabin, 195, 208, 210 
Claisen’s condensation, 103 
in synthesis of quinoline, 268 
Clemenson reduction, abnormal be¬ 
havior in, 254 
Curtius, 115, 341 
with biotin, 457 

with l,2,3-triazole-5-carboxylic acid, 
465 

Curtius-Schmidt, 238 
Dieckmann, 232, 235 
Diels-Alder, with furan, 7 
with pyrroles, 66 

in synthesis of bicyclic compounds, 
236 

Friedel-Craft, with acid chloride, 75 
with alkyl chloride and furans, 4, 5, 
10 

with anhydrides, 32, 44, 175 
with bromoacetyl chloride, 27 
with ohlotoacetyl chloride, 165 


Reactions, Friedel-Craft, and porphyrins, 
83 

in thiophene series, 43 
in xanthone synthesis, 177 
Gmelin^s, 80 

Grignard, with azoles, 405 
with benzil, 47 
with coumarins, 168 
with imidazole, 402 
with pyrroles, 61 
Hoesch, 22 

Hofmann, 208, 218, 221 
Jacobsen, 31 

Japp-Klinglemann, in preparation of 
carbolines, 345 
of harmalan, 349 
of indoles, 102 
Knoevenagel’s, 27 

in preparation of pyridine com¬ 
pounds, 187 

use of piperidine in, 243 
Kolbe, 28 

Ladenburg, 199, 200 
Madelung^s, 103 
Mannich, 31 

with benzylideneacetone, 442 
intramolecular, 242 
morpholine in, 478 
piperidine in, 243 

synthesis of bicyclic compounds 
with, 240 

in synthesis of quinine, 290 
Niementowski, 498 
Perkin, with furfural, 5, 28 
effect of pyridine on, 202 
in synthesis of coumarone, 22 
of piperic acid, 244 
of quinoline compounds, 268 
Pfitziner^s, 130, 273, 353, 383 
Reformatsky, 237, 238 
Reimer-Tiemann, 516 
Sandmeyer, 127 
Schmidt, 371 

Schotten-Baumann, with aminopyri- 
dine, 212 
with azoles, 408 

with 2,6-dihydroxypyridine, 188 
with imidazoles, 408 
with phloroglucinol, 165 
with piperidine, 241 
Widman-Stoemer, 481 
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Reactions, Wulflf-Kishner (see Hoduclion, 
by hydrazine) 

Zincke, ring opening by, 200 
(See also Synthesis) 

Kearraiigement, of allyl phenyl ether, 21, 
31 

of o-alI.ylphenol, 21 

Beckmann, 231, 252, 254, 274, 303, 372, 
422, 499 

(aSV aho Ring enlargement) 
benzidine, 101 
Fries, 21, 31 
of furfurylnitrile, 12 
during ring opening of furfury! alco¬ 
hols, 8 

of semidine, in preparation of phena- 
zine, 510 

Reetidon, 491 

Reduction, Ijy aluminum amalgam, of 
, isoxazolcs, 404 

by ammonium sulfide, of dinitroso 
compounds, 384 
of isatogcnates, 125 
of nitro group, 134, 268, 271, 281 
of nitroso group, 444 
during Berginization, 201 
catalytic, over copjier chromite, of 
carboxyl groups, 234 
of indoles, 105 
over nickel, of aldehydes, 4 
of 5-amino ester, 235 
of benzofuran compounds, 24 
of furan compounds, 7 
of indoles, 105 
of isoquinoline, 290 
of nitro group, 346 
of porphyrins, 83 
of pyridines, 195, 201 
of pyrroles, 66, 72 

over palladium, of acid chlorides, 
458 

of aldehyde system, 29 
elimination of halogen by, 189, 
207, 220, 255, 353 
of furan compound, 7 
of lobeline, 252 
of nitrile, 222 
of olefin system, 293 
of pyridine, 236 

over platinum or platinum oxide, of 
anabasine, 219 

of benzofuran compounds, 24 


Reduction, catalytic, over platinum or 
platinum oxide, of carbonyl 
group, 253, 292 
of indole, 105 
of indolizine, 236 
of isoquinolinc, 290 
of ketones, 256 
of lupinine, 253 
of Zm.-naplithatriazole, 397 
of nicotine, 218 
of nitriles, 222, 237 
of nitro groups, 222, 250, 464 
of olefin systt'm, 238 
of porphyrins, 83 
of pyridine system, 195, 292, 352 
of 7 -pyrono, 237 
of pyrroles, 66 
of quinazoline, 499 
of quinolizine, 236 
of succinimide, 59 
of tetrahydroisoquinolinc salts, 
310 

of vinyl ether system, 24 
by chrompus chloride, of xanthydrols, 
180 

with dextrose, of nitro group, 435 
electrolytic, of diketopiperazine, 503 
of indole, 105, 107 
of isoquinoline salts, 310 
of nitro groups, 269 
of succinimide, 59 

by ferrous sulfate and ammonia, of 
nitro groups, 118, 268, 270, 346 
by hydrazine and alkoxide (Wulff- 
Kishner), of ketones, 4, 44, 63, 75, 
76, 255 

of nitroso compound, 384 
of phylloerythrin, 90 
with hydriodic acid, of allantoic acid, 
461 

of bilirubin, 80 
of chclidonic acid, 154 
of chlorin c, 91 
of chlorophyll, 90 
of furoxans, 416 
of ketone compound, 5 
and phosphorus, elimination of 
halogen atom by, 346, 413 
of ether group, 153 
of keto group, 5 
of nitro group, 269 
of pyrroles, 66 
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Reduction, with hydriodic acid and 
phosphorus, of piperidines, ?41 
of pyridine; 201 
of j8-tocopherol, 161 
of xanthones, 178, IfO 
with hydroxyl amine and alkali, of 
dinitroso compound, 384 
with iron, and acid, of nitro groups, 71, 
342, 344 

and alkali, of nitro group, 122 
and water, of nitro group, 33 
with organic acids, in porphyrin syn¬ 
thesis, 86 

with oxalyl chloride, of ketones, 76 
with phosgene, of ketones, 76 
with phosphorus pentasulfi.de, of hy¬ 
droxy group in azoles, 414 
with ring opening, 409, 410 
with sodium, and alcohol, of azoles, 404 
of cyclic amides, 116 
of esters, 237 
of ethyl nicotinate, 250 
of nicotine, 218 

of nitriles, 118, 233, 234, 237, 
452 

of oximes, 238 

of pyridine, 195, 218, 245, 255, 
256 

of pyrimidines, 485 
of succinimides, 59, 66 
of vinylamine system, 114 
{See also Reduction, sodium and 
amyl alcohol, sodium and butyl 
alcohol) 

and amyl alcohol, of acridone, 333 
of amino acid anhydride, 503 
elimination of halogen atom by, 
176 

of lactams, 59 
of lactones, 66 

and butyl alcohol, of lactam, 352 
of lysergic acid, 352 
by sodium amalgam, of a-araino- 
butyrolactone, 455 
of chelidonic acid, 154 
of couruarins, 162 

elimination of halogen atoms by, 412 
of indoxyl, 123 
of isatin, 100, 126 
of hn.-naphthatriazoles, 397 
of olefin bond in a,/3-unsaturated 
apid, 5 


Reduction, by sodium amalgam, of olefin 
system, 253 
of pyrazole blue, 445 
of xanthones, 180 

by stannous chloride, of dinitroso com¬ 
pound, 384 

elimination of halogen by, 277 
of nitro groups, 141, 283 
of oximes, 367, 451 
by tin and acids, of furoxans, 416 
of isatin, 100 

of nitro groups, 33, 112, 210, 268, 
269, 344, 386, 435, 463 
of olefin system, 242 
of oxime, 315 
of phenanthridine, 342 
in preparation of anthranils, 425 
of pyrrylpyridine, 218 
of vinyl system, 242 
by titanous chloride, elimination of 
halogen atom by, 277 
by vanadous chloride, of xanthydrols, 
180 

by zinc, and acetic anhydride, of isatin, 
128 

of pyridines, 195 

and acids, of diazonium compounds, 
437 

of diketone system, 32 
of dioxime, 59 

elimination of halogen atom fey, 
274, 367, 413 
of isatin, 126, 128 
of isatogenates, 125 
of isoxazoles, 404 
of ketones, 249, 255, 343 
of nitro group, 434 
of nitroso compound, 364, 444 
of N-nitroso compound, 111 
of olefin system, 458 
of oxime, 458 
of pyrroles, 71 
of quinone, 31 
of triazines, 513 ' 

alcohol, and platinic chloride, elimi¬ 
nation of halogen atom by, 253 
and alkali, of coumarins, 162 
of diketone system, 32 
of disulfides, 383 
of indoxyl, 123 
of nitre^group, 122, 210 
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Reduction, by zinc, and alkaK, of rote- 
none, 172 
of xanthonc, 177 

Reduction potentials, of quinone com¬ 
pounds, 398 

Replacement, of carboxyl group, of iodo, 
7 

by mercuric chloride, 6 
by nitro, 7, 44 

of iodo atom by nitro group, 7 
of nuclear oxygen in furan, 9 
Resonance, in acridine dyes, 339 
in acridone, 334 
in aminoacridines, 332 
in barbituric acid, 488 
in cyanine dyes, 294 
in diketopiperazines, 504 
ill monocyclic compounds, 202 
in naphthalene, 394 
in phenaziiie dyes, 507 
in quinoline system, 278 
in semiquinonc, 511 
in triazines, 513 
^Retenooxazole, 2-phenyl-, 419 
Rhodainines, 182 
Rhodanic acid, 415 
Rhodanine, 339, 429 
N-allyl, 431 

condensation of, with isatin, 471 le 
N-phenyl, 431 
products from, 430 
Rhodanine red, 430 
Rhodochlorin, 95 
Rhodoporphyrin, 88, 89 
Rhodoporphyrin XV, 90 
Riboflavin, 511 
Ribonucleic acid, 496 
Ribitylisoalloxazine, 512 
Ricinine, 220 

Ring enlargement, of indoles, 104 
of isatin, 130, 273, 353, 383 
of oximes of cyclic ketones, 231, 254, 
274, 372, 499 
of pyrroles, 61 

Ring instability in dihydro azoles, 373 
Ring opening, of azoles, 406 
with cyanogen bromide, 240 
of cyclic amides, 120 
of cyclic ketones, 291 
of dibenzofurans, 34 
of furan compounds, 7 
of imidaasoles, 408, 455 


Ring opening, of pyrans, 149 
of pyridine compounds, 199, 200 
of pyrrols, 67 
of thiazoles, 407 
of thiophene compounds, 46 
of tocopherols, 160 
Rivanol, 338 
Rosindoles, 118 
Rotenone, 172 
Rottlerin, 159 
Rottlerone, 159 
Ruban, 286 

9-Rubanol, 6'-methoxy, 300]sj, 

6-methoxy-3-ethyl, 3 OO 21 
6'-methoxy-3-vinyl, 287 
Rubatoxin, 286 
Rubazonic acid, 447 
methyl-, 447 
Rubiazole, 364 
Rufigallic acid, 314 
Rutaecarpine, 501 
Rutonal, 491 


Saccharin, 43S 

Sandoptal, 491 

Sanguinarine, 342 

Sarcosine anhydride, 504, 506 

Schiff base, polymerization of, 513 

Scopolamine, 247 

Selectan, 224 

Selenadiazole, 362 

3.5- diphenyl-l,2,4-, 4688e 
Selenazole, 366 

2.5- diphenyl, 468a/i 
4-methyl-2-phenyl, 388 

Selenium dehydrogenation, 350 
Selenium dioxide, oxidation with, 277, 
284 

Selenophene, 547 
Selcnophthene, 547 
Selenotropinone, 239 
Selenoxanthone, 1848 
Selcnoxen, 547 

Semidine rearrangement, indole by, lOl 
phenazine by, 510 
Semiquinone, 511 

Sensitizers, cyanines {see Dyes, cyanine) 
oxacyanines, 420 
rhodanine, 431 
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Silver, color test for, 430 
complexes of (see Metal complexes) 
Sinflavine, 338 
Skatole, 103 

Sodium alkoxides, alkylating agents in 
pyrroles, 63 

Sodium amide, addition of, to phenan- 
thridine, 342 
to pyridine, 194 
to quinoline, 276 
Sparteine, 358 
Bpirochromans, 158 
Spirohydantoin, 461 

Substituents, effect on stability, of 
Ibenzofuran compounds, 25, 34 
of furan compounds, 9 
of pyrrole compounds, 64 
Succinimides, conversion of, to pyrroles, 
57, 59 

formation of, from pyrroles, 68 
Sucrose, conversion of, to furfural com¬ 
pounds, 3 

Sugars, conversion of, to imidazoles, 450 
Sulfa compounds, 486 
Sulfa drugs, theory of action of, 427 
Sulfadiazine, 486 
Sulfapyridine, 222 
Sulfasuxidine, 428 
Sulfathiazole, 427 
Sulfhydryl group, detection of, 463 
Sulfonation, mild reagents for, 505 
of pyrroles, with chlorosulfonic acid, 64 
Sulfonyl chlorides, preparation of, from 
thiocyanates, 486 

Superaromaticity, in furan compounds, 9 
in thiophene compounds, 42 
Sweet clover, active principle in, 164 
Synergist, 174 

Synthesis, Beyer quinoline, 264 
Biogenic, 239, 271, 302, 312 
Dobncr and Miller^s, 263, 273 
Ddbner pyruvic acid, 264, 345 
Fisher indole, 101, 141, 267 
Keddelien’s mechanism for, 102 
Robinson’s mechanism for, 101 
Friedlwider, 270 
Gattermann, 22, 23, 29, 414 
Hantzsch pyridine, 187 
Hantzsch pyrrole, 59 
Heumann indigo, 51, 122 
Hoesch, 175, 183jr 

hypobroi^ite, 454 


Synthesis, Japp-Klingleman, 102, 375 
Knoevenagel py;*idine, 274 
Knorr pyrrole, 57, 70 
Knorr quinoline, 265 
Kolbe, 61, 104, 249 
V. Nicmentowski, 272 
Paal-Knorr, 57 
Perkin, 5, 161 
Pictet and Hubert, 353 
Pschorr phenanthrenc, 317, 343 
Reimer-Tiemann, 61 
Riehm quinoline, 264 
Skraup, 262, 280, 355 
with l-chloro-2-naphthylamine, 395 
naphthoid and benzoid structures 
and, 394, 396 

with phenylenediamines, 343 
preparation of alizarin blue by, 355 
phenanthrolines by, 344 
phenotripyridine by, 394 
in synthesis of dimethylergoline, 352 
of quinoline carboxylic acids, 285 
Sommelet’s benzaldehyde, 516 
Riedel, 498 

Robinson, tropinone, 238, 249 
Rosemund aldehyde, 212 
IJllmann, 210 
{See also Reactions) 

T 

Taste, peppery, 244 
sweet, 438 

Tautomerism, in a-aminopyridinc, 212 
in carbostyril, 281 
in isatin, 130 

in l-phenyl-3-methylpyrazolone, 415 
in pyridones, 211 
Tectoridin, 171 
Telepathino, 348 

Telluro cyclopentane-3,5-dionc, 157 
Tephrosin, 173 
Tests, Adamkiewicz, 350 
Fhrlich, 68 

for formaldehyde, 318 
for Grignard reagent, 197 
Hopkins-Cole, 115, 118 
indophenine (see Indophenine) 
liiebermann’s, 47 

for metal ions (see complcx^«t) 

opium, 318 
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Tests, pine splinter (see Pine-splinter test) 
(See also Furan, Thiophene, Pyrroles, 
and other classes of compounds) 
Tetrahydroharmin, 349 
Tetrahydronaphthalene, benzoic struc¬ 
ture of, 395 

Tetrabydropyranyl-4-acetir acid, 237 
Tetrahydrothiophene, 45 
Tetrahydrotubaic acid, 27 
Tctralin, benzoic structure of, 395 
Tetrapyrryl compounds, 79 
Tetrapyrrylethane, 76 
Tetrazines, 517 
Tetrazole, 5-phenyl, 365 

1- phenyl-5-mercapto, 380 

2- phenyl-5-methyl, 466 
Tetrazoles, 464 

acidity of, 405 
boiling points of, 390 
hydrolysis of, 407 
preparation of, 374, 376 
Tetrazolium salt, 376 
Thalloperazine, 510 
Thebaine, 318 
Theobromine, 493-495 
synthesis of, 519ii 
Theophylline, 493, 494 
synthesis of, 519ii 

Therapeutic activity, of acridine com¬ 
pounds, 339 

(See also Physiological activity) 
Thiadiazoles, 365, 464 
boiling points of, 390 
preparation of, 374 
Thiamin, 486 
Thiamine chloride, 428 
thiazole half of, 428 
Thiazine, 476 
Thiazole,. 2-amino, 427 
2-benzyl, 388 
2 -chloro, 366 

2.4- dimethyl-5-phenyl, 388 

2.5- dimethyl-5-phenyl, 388 
4-methyl-5-(^-hydroxyethyl), 428 
methylphenyl, 388, 471 12 
methyltolyl, 388 

phenyl, 388 

Thiazole-5-carboxylic acid, 4-methyl, 428 
Thiazoles, 427 
boiling points of, 389, 39Q 
bromination of, 400 
nitration of, 40() 


Thiazoles, reaction of, with hydroxyla- 
mine, 404 

solubility of, in water, 386 
sulfonation of, 400 
synthesis of, 364 

comparison of, with azines, 476 
Thiazolidines, 2,4-dioxo-5,5'-dialkyl, 432 
Thiazolidone-4, 2-mercapto, 429 
Thiazolines, 419 
2 -methyl, 436 

Thiazolones, comparison of, with barbi- 
turat(58, 432 

Thiazolyl chlorides, 429 
Thieno[3,2-?)lthiophene, 49 
Thienylsodium, 6 
Thioacridine, 333 
Thioanthranil, 388 
Thiochrome, 487 
Thiocyanation, 385 

Thiocyano group, introduction of, in 
pyrroles, 65 
Thiohydantoin, 415 
Thioindigo dyes, 51 
also Dyes) 

Thioindoxyl, 52 
Thioisatinanilide, 430 
Thional, 481 
Thionaphthene, 49 
nitro, 50 

Thionaphthene compounds, 49 
Thionaphthene-3-acotic acid, 51 
Thionaphthene-3-carboxylic acid, 50 
Thionaphthenopyrazole, 449 
Thionessal, 49 
a-Thiophenaldehyde, 47 
Thiophene, 39 

4-benzamido-3-kototctrahydro, 457 

2.3- dichloro, 48 

2.5- dimethyl, 47 

2.3.4.5- di(l,inaphthylene}-, 45 
2 -ethyl-5-methyl, 48 
a-methyl, 40 

2-nitro, 41, 48 

«-Thiophene carboxylic acid, 40 

2.3- dibromo, 48 
Thiophene compounds, 41, 54* 

chemical properties of, 42 
comparison of, with benzene series, 41, 
389 

condensed, 49 
dehydrogenation of, 45 
directing influence in, 43 
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Thiophene compounds, physical proper¬ 
ties of, 41 
preparation of, 40 
tests for, 46 
Thiophenin, 48 

Thiophenols, preparation of, from ben¬ 
zene sulfonyl chloride, 62 
from disulfides, 383 
Thiophthene, 49 
Thiopyrine, 444 

Thiosemicarbazide, in preparation of 
azoles, 375 
Thiotolcne, 42 
Thiotropinone, 239 
Thioxanthone, 179 
2,5-Thioxen, 47 
Thymine, 493, 496 
Tocopherols, 159 
Toxicarol, 173 
Triazines, 513 

trinitrohexahydro, 516 

1.2.3- Triazole, l-phenyl-5-amino-, 465 
l-phenyi-4-carbethoxy-5-liydroxy, 466 

1.2.4- Triazole, 374 
4-amino, 368 

1.3.4- Triazole, 1,2,5-triphenyl, 466 
Triazoles, 464 

acidity of, 405 
basicity of, 405 
boiling points of, 390 
decomposition of, to form carbazoles, 
141 

N-phenyl, 471 12 

in preparation of carbolines, 347 
ring opening of, 408 
substitution in, 402 
Triazolones, 416 
Trigenin, 444 
Trigonelline, 228 19 
Trimethylenetrisulfoxide, 617 
Triphenylisoxazole, and Beckmann re¬ 
arrangement, 422 
preparation of, 377 

Triphenylmethyl, addition of, to pyr¬ 
roles, 65 

Triphosphopyridine nucleotide, 497 
Tripyrrole, 66 
Tripyrryl compounds, 79 
Tripyrrylmethanes, 77 
Trithiane, 517 
Trithiole, 364 

base, 600 


Tropic acid, 247 
Tropine, 248 
Tropinone, 238 
Truxilline, 249 
Trypaflavine, 338, 339 
Tryptamine, 115 
Tryptophan, 114 

Adamkiewicz test for, 350 
Tryptophan nucleus, in harman, 349 
in isoquinoline alkaloids, 312 
in lysergic acid, 351 
Tubaic acid, 28, 173 
reduction of, 24 
Tuba toxin, 172 
Tutocaine, 250 
Tyramine, 453 

U 

Umbelliferone, 162 
Uracil, 492, 496 
Uramil, 495 
p-Urazine, 518 
Urazole, 465 
phenyl, 466 
tolyl, 466 
Urease, 463 
Uric acid, 494, 495 
conversion of, to allantoin, 461 
Uroporphyrin, 85, 91 
Uroselectan, 224 
Uroselectan B, 224 
Urotropinc, 516 
Usneol, 39 
Usnic acid, 29 

V 

Vasicine, 601 

Vasodilator, histamine as, 453 
Veronal, 491 
N-Vinylcarbazole, 142 
Vinylogous system, in 7 -p 3 rrone, 150 
Vinylogy, in pyrroles, 62 
Vinylpyridine, 22820 
Violanin, 166 
Violuric acid, 495 
Vitamin B complex, 486 
Vitamins 
Bi, 428, 486 
Bj, 214 
B«, 221 
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Vitamins, C, 17 
E, 21, 30, 159 
H, 468 
P, 170 

Vitimidazole, 471 u 
Voluntal, 444 

Vulcanization accelerator, 437 
W 

Warburg’s ferment, 497 
Water, and solubility, of azoles, 386 
of heterocyclic compounds, 386 
of nicotine, 217 
of pyrazines, 503 
of pyridiniuni hydroxides, 199 
of pyrimidines, 485 
Wiechowskii’s reagent, 400 
Woad, 133 

X 

Xanthenes, 176 
Xanthine, 494 
Xanthoapocyanine, 295 
Xanthone, 148, 177 
Xanthotoxin, 163 
Xanthydrols, 180 
Xanthylium salts, 180 


Y 

Yageine, 348 
Yatren, 282 
Yobyrin, 360 
Yohimbine, 348, 349 

Z 

Zerewitinov test, of bilirubin, 79 
of indigo-copper complex, 136 
of oxindole, 120 
of porphyrins, 83 
of pyrrole compounds, 63 
of rotenone, 173 

Zinc-dust distillation, of acridone, 329, 
333 

anthrazine by, 511 
of carboline compound, 347 
of coniine, 245 

to eliminate hydroxy groups, 36 
first example of, 100 
of lobeline, 252 
of morphine, 318 
of oxindole, 100 
of phenantbridone, 342 
of rosmdulme, 510 
of xanthones, 177 





